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ABSTRACT 

Predictive  syntactic  analysis  is  a  scheme  for  the  automatic 
syntactic  analysis  of  natural  language  that  is  based  on  a  continuous 
left-to-right  scan  of  a  sentence.  This  report  supersedes  previous 
repoi'ts  or.  the  exiierimental  predictive  syntactic  analysis  program  for 
P.UGsian.  All  the  granHP.atical  r'.iles  followed  by  the  exjjerLmental  program 
are  here  included.  This  paper  is  interdeJ  to  serve  at  this  time  both  as 
a  report  of  past  accomplislxments  anci  as  a  working  paper  on  which  to  base 


future  research. 
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I.  GOI.IPREHENSIVE  REPORT  ON  PREDICTIVE  SYNTACTIC  ANALYSIS 

Murray  E.  Sherry 

1.  Introduction 

Predictive  syntactic  analysis  is  a  scheme  for  the  automatic  syntactic 

analysis  of  natural  language  that  is  based  on  a  continuous  left-to-right  scan 

of  a  sentence.  Past  experience  has  been  largely  limited  to  the  syntactic 

analysis  of  technical  Russian  texts,  although  several  attempts  to 

5 

analyze  English  texts  by  this  method  have  been  made.  ’ 

This  report  supersedes  previous  reports  on  the  experimental  pre¬ 
dictive  syntactic  analysis  program  for  Russian.  All  the  grammatical  rules 
followed  by  the  experimental  program  are  here  included.  This  paper  is 
intended  to  serve  at  this  time  both  as  a  report  of  past  accomplishments  and 
as  a  working  paper  on  which  to  base  future  research.  It  is  specifically 
not  intended  to  be  a  concise  summary  of  the  predictive  syntactic  analysis 
scheme  for  the  casual  reader.  Various  brief  outlines  of  the  predictive 
method  have  been  presented  in  earlier  papers  listed  in  the  bibliography. 

'''he  experimental  program  is  still  far  from  complete.  A  number  of 
grammatical  structures,  such  as  interrogative  sentences  and  iaiomatic 
constructions,  have  not  yet  been  taken  into  account  and,  therefore,  cannot 
be  analyzed  correctly  at  this  time.  No  means  of  analysis  for  such  structui'es 
will  be  suggested  here  unless  their  analysis  seems  to  parallel  closely  that 
of  an  existing  analysis  technique. 

Detailed  operation  of  the  experimental  predictive  syntactic  analysis 
program  is  not  mentioned  here.  These  programming  techniques  and  the  problems 
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inherent  in  them  are  discussed  at  length  by  Isenberg  in  another  section 
of  this  report . 

Experience  has  shown  that,  although  the  individual  operations 
performed  in  the  predictive  analysis  program  are  not  formidable  conceptually, 
en  masse  they  are  exceedingly  difficult  to  master.  The  method  adopted  for 
the  presentation  of  the  operations  is  to  start  with  the  simplest  ones  and 
build  on  this  base  to  the  more  involved  mechanisms  used  in  the  program. 

This  presentation  is  supplemented  by  a  concise,  complete,  cross-referenced 
set  of  rules  for  the  present  analysis  program  (Appendix  A).  With  these 
rules  the  reader  can  duplicate  any  analysis  described  or  illustrated  here. 

Explicit  examples  from  analyzed  text  have  been  included  wherever 
possible  to  summarize  the  vast  number  of  details  that  are  covered. 

Hopefully,  these  examples  are  sufficiently  varied  to  preclude  the  necessity 
for  the  reader  to  study  the  individual  analyzed  texts,  since  the  scanning 
of  texts  is  an  extremely  laborious  method  for  studying  program  output.  The 
majority  of  the  words  from  the  texts  occur  in  a  few  simple  grammatical 
constructions  which  are  repeated  endlessly. 

Four  texts,  listed  below,  amounting  to  approximately  5500  running 
words,  have  been  analyzed  by  the  latest  experimental  version  of  the  program 
and  are  the  basis  for  the  examples  in  this  report: 

Text  OOA:  BjiaflUMupcKuK^  K„  "0  ckhxpohhom  $HjibTpe^ti  aypnaji 

oKcnepMMeHTajibHOM  M  TeopeTJiuecKOK  tom  2I,  sun.  1, 

ctusi'CiecKHM  wHCTHTyT  MMeHM  II„  H.  JIsbeAeBa^  AH  CCCP^  I95I,  8  CTp. 

Text  OOK:  PHeflenKO^  B„  B.,,  Kypc  xenpiui  BeposTHOCTen'  rjiasa  naparpai^  48, 
"BBO/THbie  saMeuaHMS, "  PocyflapcTBeKHoe  nsflaTejiLCTBO  toxhuko- 
TeopeTuyecKoii  joiTeparypu,  MocKBa-JleHWKrpan;,  1950,  240-2. 
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Text  OUU:  qebtmieBj  II.  I.,  "Ilpome  couwHejmp  6norpa$wyecKMe  MaTepwajiBi^ " 
nojiHoe  cobpaHMF  coyMHeHMM  II »  JI‘  ^ebBHiiesa,  tom  5,  "Onbir 
sjteMeHrapHoro  aHajinea  TeopMW  BepofiTHOCTefi, "  MsflaTejiBCTBO  AH  CCCP> 
MocKBaj  1951,  27-8.  (This  text  was  suggested  by  I.  Rhodes  of 
the  National  Bureau  of  Standards.) 

Text  OCH:  neuaTHue  cxe^obi  caHTXMeTpoBoro  pj^anasona,  CbopHMK  craTefi  ncfl 
peflaKu:MeK  B.  M.  CyniKeEHya.,  '^HpeflUCjiOBMe  pe^aKTopa  pyccKoro 
nepeBo;i,a, "  MsAaTejibCTSo  MHOcxpaHHoli  xKTepaTypBi,  MocKDa,  1956, 

5-7. 

Texts  OOK  (924  words)  and  OOH  (700  words)  are  taken  from  modern  technical 
literature.  Text  OUU  (545  words)  is  a  small  sample  from  a  19th  century 
piece  of  technical  writing.  The  analysis  of  this  text  is  distinctly 
inferior  to  the  analysis  of  any  of  the  others  due  largely  to  the  different 
syntactic  rules  followed  almost  100  years  ago.  Text  OOA  (3270  words)  has 
previously  been  used  extensively  to  generate  syntactic  rules .  This  text 
has  been  re-analyzed  with  the  latest  version  of  the  program  although  it 
has  not  been  recently  used  as  source  material  to  improve  the  experimental 
program.  Text  GOA  has  been  rejected  as  source  material  to  avoid  biasing 
the  program  to  the  writing  style  of  any  particular  author. 

Two  other  texts  were  also  analyzed  by  this  latest  experimental 
version  of  the  program;  these  are  texts  $  (816  words)  and  YYY  (416  words). 
The  sentences  in  text  t  were  specifically  composed  to  contain  particular 
syntactic  properties  of  interest  that  rarely  occur  in  texts.  The  sentences 
in  text  YYY  are  interesting  samples  culled  from  several  texts  and  brought 
together  to  provide  material  of  greater  than  average  grammatical  vari'^ty  to 
aid  in  testing  and  developing  the  predictive  analysis  program. 
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Several  errors,  either  typing  mistakes  or  program  errors  made  during 
dictionary  lookup,  appear  on  the  input  tape  of  text^  •  Rather  than  repeat 
the  process  of  dictionary  lookup,  the  input  tape  of  text  $  was  directly 
corrected.  To  distinguish  the  altered  entries,  the  mark  (CORE .ENTRY)  has 
been  entered,  replacing  the  English  correspondent  in  the  10-word  item.  The 
grammatical  information  placed  in  the  corrected  items  is  identical  in  every 
respect  to  the  information  viihich  would  have  been  automatically  inserted  by 
the  appropriate  programs. 

Wherever  possible,  samples  have  been  chosen  from  texts  OOK  and  OOH. 
Texts  OUU  and  YYY  have  been  used  as  second  choices .  Examples  not  present 
in  those  four  texts  were  chosen  from  text  OOA,  and  text  4  was  used  only- as 
a  last  resort.  Extra  words  have  often  been  left  in  the  examples  to  indicate 
the  context  of  the  sentence  structure  being  discussed. 

More  than  one-third  of  the  sentences  in  the  six  texts  have  been 
analyzed  successfully  by  the  experimental  program.  A  "successful"  analysis 
is  one  in  which  either  the  syntactic  analysis  produced  by  the  program  is 
grammatically  correct  or  the  error-detecting  properties  of  the  program  are 
sufficient  to  indicate  the  correct  solution.  Due  to  the  limited  size  of 
internal  memory  on  the  Univac  II  Computer,  the  computer  used  for  the  pre¬ 
dictive  syntactic,  analysis  program,  it  has  not  been  practical  to  provide 
for  error-correcting  routines.  Thus  there  is  no  indication  of  error  cor¬ 
rection  on  the  present  output  of  the  program. 

Most  unsuccessful  sentence  analyses  are  due  to  a  single  error. 
Several  problems  account  for  a  large  number  of  the  errors:  missing  words 
in  the  Russian-English  dictionary,  no  grammatical  information  for  proper 
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names,  no  analysis  for  certain  punctuation  marks,  etc.  Other  problems  more 
closely  associated  with  existing  rules  of  analysis  are  mentioned  in 
appropriate  parts  of  this  report. 

As  time  passes,  the  remaining  problems  are  more  and  more  specialized. 
The  rules  for  the  solutions  of  these  problems  are  utilized  rarely  and  the 
size  of  the  program  increases  rapidly.  However,  so  long  as  the  ne-n  rules 
fit  into  the  basic  scheme  of  the  program,  they  can  be  easily  incorporated. 

The  work  on  predictive  syntactic  analysis  is  an  outgrowth  of  studies 

g 

on  a  syntactic  analysis  technique  by  Rhodes  and  the  formalization  of  the 

syntax  of  the  llukasiewicz  parenthesis -free  notation  by  Burks,  Warren,  and 

9  10 
Wright,  and  bears  general  similarities  to  the  linguistic  model  of  Chomsky. 

A  theoretical  model  which  is  analogous  to  the  predictive  syntactic  analysis 

11  2 

program  in  several  interesting  aspects  is  due  to  Oettinger  and  the  autnor. 

This  report  is  divided  into  nine  parts,  each  one  dependent  on  the 
preceding  ones .  After  a  comprehensive  outline  of  the  predictive  syntactic 
analysis  technique  (Part  2),  the  simple  constructions  of  noun  phrases  are 
discussed  (Part  3).  Verb  phrases  and  other  relationships  of  government  are 
then  taken  up  in  Part  4*  More  involved  relationships  among  the  components 
of  clauses,  the  subjects  and  predicates,  are  discussed  in  Part  5,  prior  to 
the  identification  of  clauses  and  complex  phrase  forms  in  Part  6.  Parts  7 
and  8  are  devoted,  respectively,  to  the  identification  of  compound  structures 
and  t.  miscellaneous  constructions.  The  vai'ious  details  are  summarized 

by  a  series  of  examples  of  complete  sentences  analyzed  by  the  program 
(Part  9)  • 
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Some  of  the  comments  and  examples  in  this  report  were  initially 
suggested  by  co-workers  of  the  author.  Mr.  Warren  Plath,  in  particular, 
has  freely  devoted  many  hours  to  the  study  of  the  analyzed  texts.  He  has 
pointed  out  a  significant  proportion  of  the  errors  in  the  present  program 
and  has  proposed  means  for  correcting  many  of  these  errors. 

2.  The  Predictive  Syntactic  Analysis  Technique 

The  method  of  predictive  syntactic  analysis  is  based  on  the  premise 
that  a  Russian  sentence  can  be  scanned  from  left  to  right,  and  that  at  any 
point  in  this  process  it  is  possible  both  to  determine  the  syntactic 
structure  of  the  word  under  consiaeration  on  the  basis  of  the  predictions 
made  during  the  analysis  of  the  words  to  its  left,  and  to  predict  the 
syntactic  structures  which  will  be  encountered  to  the  right  of  the  current 
word.  Any  language  exhibiting  the  properties  of  a  nested  language  can  be 
analyzed  in  one  direction  in  the  same  general  manner. 

In  English,  if  a  sentence  is  interrupted  by  a  phrase  or  a  clause, 
the  embedded  phrase  or  clause  will  be  completed  before  the  main  clause  is 
resumed.  This  embedded  phrase  or  clause  is  considered  to  be  nested  within 
the  main  clause.  Thus  the  clause  "who  came  to  dinner"  is  nested  in  the 
sentence:  "the  man  who  came  to  dinner  ate  heartily,"  whereas  the  unnested 
string  of  words,  "the  man  who  came  ate  heartily  to  dinner"  is  a  questionable 
sentence  at  best.  Another  structure,  the  phrase  "to  dinner,"  is  nested  within 
the  subordinate  clause.  A  level,  or  depth,  of  nesting  can  be  assigned  to 
every  phrase  and  clause  in  a  sentence.  Thus  "the  man  ate  heartily"  is  at 
the  first  level,  "who  came  to  dinner"  .  uo  the  second  level,  and  "to  dinner" 
is  at  the  third  and  deepest  levej.. 
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The  concept  of  nesting  recently  has  received  the  attention  of  several 
13 

investigators.  Alt  has  discussed  the  problem  of  assigning  numerical  values 

to  clauses  and  phrases  within  a  sentence.  Yngve"^  and  Sager  have  also  used 

the  nesting  concept  when  discussing,  respectively,  the  synthesis  and  analysis 

of  English  sentences .  Sager  uses  the  terminology  of  "depth  of  parenthe- 

sization"  instead  of  "depth  of  nesting"  since  she  conceives  of  an  approach 

whereby  a  pair  of  parentheses  is  placed  around  every  identifiable  nested 
l6 

structure.  Plath  has  presented  a  method  for  diagramming  nested' structures 
and  parenthesizing  each  of  these  structures . 

The  terminology  for  describing  the  predictive  syntactic  analysis 
technique  has  evolved  parallel  to  the  development  of  the  technique  itself. 

The  original  terminology  has  undergone  a  complete  revision  in  addition  to 
several  minor  modifications.  The  terminology  to  be  described  in  this  section 
is  merely  the  latest  and,  hopefully,  the  most  meaningful  set  of  terms. 

A.  The  Program  Cycles  for  Predictive  Syntactic  Analysis 

Predictions  of  syntactic  structures  are  stored  in  a  prediction  pool 
which  behaves  somewhat  like  a  pushdown  store,  a  linear  array  of  storage  ele¬ 
ments  in  which  information  is  entered  or  removed  from  one  end  only,  in 
accordance  with  a  "last-in-first-out"  principle. New  predictions  are  always 
entered  at  the  top  of  the  prediction  pool,  and  the  predictions  are  tested 
starting  at  the  top  of  the  pool  and  proceeding  downward.  The  topmost  pre¬ 
diction  in  a  pool  need  not  necessarily  be  the  next  prediction  to  be  fulfilled. 

In  the  experimental  program  the  predictions  used  are  those  of  the 
syntactic  roles  that  the  words  assume  in  a  sentence.  Many  predictions  are 
named  for  classical  syntactic  roles  such  as  the  subject  prediction.  All 
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these  names  are  explicitly  defined  within  the  context  of  the  experimental 
program.  These  definitions  need  not  coincide  with  the  classical  grammatical 
definitions,  but  they  resemble  the  classical  definitions  closely. 

The  present  program  uses  10-word  items  both  for  input  and  for 

output  (Figure  1)  to  take  advantage  of  the  input-output  characteristics 

as  well  as  certain  internal  operations  of  Univac  I  and  II  Computers •  The 

first  English  correspondent  stored  in  the  dictionary  entry  of  a  Russian 

word,  the  morphological  class  of  the  Russian  word,  the  Russian  word  itself, 

and  the  text  serial  number  appear  in  the  first  five  machine  words  of  the 

10-word  item.  The  syntactic  data  is  contained  entirely  in  the  last  five 

machine  words  of  the  item.  The  coding  format  of  the  information  in  the 

last  five  machine  words  (word  5  to  word  9)  for  each  morphological  type  and 

17 

syntactic  class  of  Russian  word  is  described  by  Foust  in  another  section 
of  this  report .  Words  5  and  8  contain  morphological  and  syntactic  infor¬ 
mation  that  remains  invariant  during  the  analysis  of  the  Russian  word. 

Dui’ing  the  analysis  the  syntactic}  role  of  the  word  in  the  sentence  is  placed 
into  word  9,  which,  before  the  analysis,  contains  the  dictionary  entry  number 
of  the  Russian  word.  Various  grammatical  characteristics,  such  as  case, 
number,  gender,  etc.,  are,  when  applicable,  stored  in  words  6  and  7.  When 
the  analysis  program  selects  the  information  appropriate  to  the  particular 
syntactic  role  of  the  Russian  word,  the  remainder  of  the  information  is 
deleted  from  these  two  machine  words. 

*  Machine  words  are  numbered  0,1, ...,9. 

The  figures  for  this  section  of  the  report  are  bound  separately  and 

included  in  a  pocket  attached  to  the  back  cover  of  the  report. 
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The  process  of  predictive  syntactic  analysis  consists  of  two  cycles, 
a  testing  cycle  and  a  predicting  cycle . 

(1)  The  Testing  Cycle.  During  the  testing  cycle  the  predictions 
are  tested  against  the  information  about  the  arguments  or  grammatical 
characteristics  of  a  word  that  are  obtainable  from  a  dictionary.  ,  Since 
the  lexical  properties  of  words  do  not  always  define  a  unique  argument,  a 
set  of  alternative  arguments  must  be  considered.  Thus,  "waters"  has  two 
alternative  arguments;  /noun,  plural/  and  /verb,  3rd  person,  singular, 
present  tense/.  The  alternative  arguments  of  a  single  10-word  item  are 
completely  described  by  machine  words  5  to  8.  If  grammatical  information 
must  be  stored  with  a  prediction,  it  is  placed  in  grammar  words,  which  are 
referred  to  by  the  prediction. 

.From  this  point-  of  view,  the  morphological  homograph  problem  in 
Russian  is  subsumed  under  the  heading  of  alternative  arguments.  It  makes 
no  difference  with  regard  to  the  input  whether  a  word  has  two  or  more 
alternative  arguments  such  as  the  nominative  singular  and  accusative  singular 
for  the  Russian  noun  ctot,  or  -whether  there  are  two  or  more  homographs  of 
a  word,  such  as  the  pronoun  and  the  noun  homographs  of  the  word  tomj  which 
are  translated  as  "that"  or  "volume,"  respectively.  Although  the  alternative 
arguments  of  ctoji  are  described  in  a  single  10-word  item  and  the  alternative 
arguments  of  tom  are  described  in  two  10-word  items,  the  program  treats  the 
alternative  arguments  of  both  words  identically. 

Whenever  an  alternative  argument  fulfills  a  prediction,  an  inter¬ 
section  occurs.  The  preferred  argument  is  the  alternative  argument  of  the 
first  intersection  in  a  test  sequence.  The  prediction  of  the  first 
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intersection  of  a  test  sequence  is  fulfilled;  likewise,  a  word  is  accepted 
by  the  fulfilled  prediction.  A- fulfilled  prediction  is  wiped  or  removed 
from  the  prediction  pool. 

The  syntactic  role  is  the  grammatical  role  of  the  fulfilled  pre¬ 
diction  and  is  stored  in  word  9*  The  information  contained  in  the  preferred 
argument  in  words  5  to  8  and  in  the  syntactic  role  in  word  9  is,  collectively, 
the  grammatical  unit . 

In  a  test  sequence  all  the  alternative  arguments  of  a  word  are  tested 
against  ail  the  predictions  in  the  pool  in  their  respective  orders,  so  that 
each  prediction,  in  turn,  is  tested  against  the  set  of  all  alternative 
arguments.  All  intersections  occurring  subsequent  to  the  first  intersection 
are  listed  in  hindsight  for  future  reference,  while  the  grammatical  unit  is 
recorded  as  the  temporary  analysis  for  the  given  word.  The  other  alternative 
arguments  which  intersect  with  subsequent  predictions  are  intersecting  ■ 
arguments,  and  the  alternative  roles  are  listed  with  them. 

An  output  10-word  item  and  a  hindsight  10-word  item  are  almost 
identical  in  appearance;  the  sole  difference  is  in  the  presence  of  two 
2-dlgit  columns  located  to  the  left  of  the  text  serial  number  in  the  output 
item.  The  first  number  is  the  c.hain_  number,  an  error  indicator  that  will 
be  discussed  later;  the  second  number  states  the  total  number  of  predictions 
in  the  prediction  pool  before  ■‘'  e  analysis  of  the  10-word  item. 

To  indicate  boundaries  of  different  sets  and  subsets  of  predictions 
in  the  pool  at  a  given  tin..  ,  several  types  of  sentinels  are  placed  in  the 
pool.  These  sentinels  are  usually  found  just  below  the  last  prediction  of 
a  set.  Presently,  the  format  of  sentinels  coincides  with  the  format  of 
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predictions;  however,  this  is  a  temporary  expedient  that  will  probably  be 
abandoned  in  the  near  future. 

(2)  The  Predicting  Cycle.  After  the  testing  cycle  has  been  completed 
and  a  grammatical  unit  for  a  Russian  word  has  been  chosen,  the  predicting 
cycle  is  started.  The  operations  of  this  cycle  update  the  prediction  pool 

(1)  by  wiping  the  fulfilled  prediction  and  other  rejected  predictions, 

(2)  by  modifying  predictions  already  in  the  pool,  and  (3)  by  adding  new 
predictions  to  the  top  of  the  pool  as  indicated  by  the  grammatical  unit  of 
the  analyzed  word . 

The  rules  for  wiping  predictions  in  the  pool  are  based  on  the 
sentinels  located  in  the  prediction  pool  as  well  as  on  the  predictions 
themselves .  Modification  of  existing  predictions  and  addition  of  new 
predictions  are  based  on  the  word  class  of  a  word  as  well  as  its  syntactic 
role.  The  grammatical  categories  such  as  person,  case,  number,  etc.,  of  a 
word  play  only  indirect  roles  in  the  predicting  process .  This  information 
serves  to  limit  the  words  that  can  fulfill  predictions,  where  the  words 
fulfilling  the  predictions  ar-e  restrained  to  agree  with  preceding  analyzed 
words  in  one  or  more  grammatical  category. 

In  this  manner,  a  noun  assigned  the  syntactic  role  of  subject  would 
cause  (1)  the  suhjei-t  prediction  to  be  wiped  from  the  pool;  (2)  the  predicate 
head  prediction  to  be  mo-lified,  so  that  only  a  predicate  agreeing  with  the 
subject  in  person,  number,  and  gender  can  be  accepted;  and  (3)  three  new 
predictions,  a  compound  subject,  a  noun  complement,  and  a  modifier,  to  be 
entered  at  the  i,op  of  the  pool.  The  compound  subject  is  predicted  because 
the  syntactic  role  of  the  word  is  analyzed  as  the  subject;  the  noun 
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complement;  a  prediction  of  a  genitive  noun  phrase,  and  the  modifier,  a 
prediction  of  a  participial  phrase,  are  predicted  by  every  noun  regardless 
of  its  syntactic  role. 

Due  to  the  secondary  role  played  by  the  grammatical  categories,  an 
intersection  can  allow  a  multiple  choice  of  categories.  If  a  subject  pre¬ 
diction  is  fuKilled  by  a  nominative  pronoun  that  can  be  either  singular  or 
plural,  it  is  not  necessary  to  preselect  either  alternative.  Instead,  the 
ambiguity  "an  be  carried  along.  In  the  particular  example  no  restriction 
on  number  need  be  made  in  the  predicate  head  prediction.  Likewise,  if  a 
noun  immediately  following  a  preposition  can  exist  in  more  than  one  of  the 
cases  that  the  preposition  can  govern,  there  is  no  need  to  assume  ai’bitrarily 
that  any  one  case  is  the  correct  one . 

A  reference  to  the  grammatical  unit  that  initiated  a  fulfilled  pre¬ 
diction  is  also  included  in  word  9  of  the  accepted  Russian  word.  The  three- 
digit  number  located  to  the  left  of  the  syntactic  role  is  identical  to  the 
last  three  digits  of  the  text  serial  number  of  the  Russian  word  which 
initiated  the  prediction.  In  this  manner,  when  a  sentence  is  analyzed,  not 
only  is  a  syntactic  role  assigned  to  every  word,  but  a  linkage  to  the  word 
initiating  the  prediction  is  established.  To  continue  with  the  same  example, 
if  the  word  following  the  noun  subject  is  a  genitive  noun,  the  text  number 
of  the  noun  subject  is  attached  to  the  syntactic  role  of  the  genitive  noun, 
and  the  noun  complement  can  then  be  identified  as  dependent  on  the  subject. 
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B.  Prediction  Span  Indicators 

Not  all  predictions  in  the  pool  are  of  equal  importance.  Whereas, 
on  the  one  hand,  it  would  be  difficult  to  justify  the  analysis  of  a  sentence 
without  an  indication  of  a  predicate,  on  the  other  hand,  a  sentence  with  no 
subordinate  clause  would  be  perfectly  acceptable.  To  provide  a  relative 
level  of  importance  among  the  predictions,  a  prediction  span  indicator  (PSI) 
is  assigned  to  every  prediction  in  the  pool.  The  PSI  indicates  (l)  how  long 
the  prediction  can  remain  in  the  pool  before  it  must  be  wiped,  (2)  whether 
or  not  the  prediction  must  be  fulfilled  for  the  analysis  to  be  considered 
successful,  (3)  if  the  prediction  is  mutually  exclusive  with  adjoining  pre¬ 
dictions  (i.e.,  only  one  prediction  from  a  set  of  mutually  exclusive 
predictions  can  be  fulfilled),  and  (4)  whether  or  not  the  prediction  should 
be  tested  at  a  given  time. 

The  PSI  can  take  on  any  value  between  00  and  99.  Any  PSI  with  the 
value  equal  to  or  greater  than  50  is  considered  inactive  .nd  cannot  be 
tested.  It  is  otherwise  identical  to  its 'active  counterpart  with  a  PSI  less 
than  50.  Each  prediction  iij  a -set  of  mutually  exclusive  predictions  is 
indicated  with  a  PSI  of  between  20  and  29  (or,  inactively,  between  70  and 
79).  The  basic  predictions  presently  used  are: 

00  -  the  prediction  must  be  fulfilled  by  the  next  word  in  sequence 
or  not  at  all; 

01  -  the  prediction  must  be  fulfilled  d'rring  the  analysis  of  the 
sentence: 

02  “  the  prediction  can  be  fulfilled  more  than  once  and  is  not  to 
be  wiped  when  fulfilled; 

03  “  the  prediction  may  be  fulfilled  at  any  time  but  need  not 
necessarily  be  fulfilled. 
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Only  sentinels  are  listed  with  02  PSI;  all  ordinary  predictions  belong  to 
the  other  three  basic  types. 

0.  Infinity  and  Arbitrary  Choice 

In  any  scheme  of  automatic  syntactic  analysis  a  method  must  exist 
to  handle  words  which  are  not  predicted.  This  class  of  words  can  be 
subdivided  into  two  categories:  those  that  should  be  predicted  and  those 
that  cannot  be  predicted. 

A  number  of  words  and  other  forms  exist  that  either  can  never  be 
predicted  or  can  be  predicted  only  occasionally.  E:;amples  of  such  words 
and  forms  are  adverbs,  prepositions,  and  commas.  Adverbs  occur  both  to 
the  left  and  to  the  right  of  the  words  that  they  modify.  In  a  left- to -right 
pass,  adverbs  are  predicted  only  if  they  occur  to  the  right  of  the  words 
they  modify.  An  adverb  preceding  an  adjective  or  a  verb  usually  gives  no 
clue  about  the  following  structure.  Thus,  there  is  no  information  to  be 
gained  by  having  the  adverb  fulfill  a  prediction  in  the  pool.  Likewise, 
it  is  a  difficult  matter  at  best  to  link  a  prepositional  phrase  to  the  word 
it  modifies  ever,  if  the  phrase  follows  immediately  after  the  word.  A  comma 
is  even  v’orse  in  this  respect  since  its  position  in  a  sentence  is  unpre¬ 
dictable.  However,  it  is  true  that  if  two  commas  are  used  to  isolate  some 
structure  in  a  sentence,  the  second  of  the  commas  may  often  be  predicted  by 
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NSF-7 

September  1961 


1-15 


When  a  word  that  cannot  be  predicted  is  encountered  during  a  testing 
cycle,  it  must  nevertheless  be  accepted  in  some  sense,  subject  to  later 
revision.  Since  there  is  no  prediction  in  the  pool,  no  finite  number  can  be 
assigned  the  unpredicted  word  to  indicate  the  linkage.  Rather,  an  "infinite 
number"  is  assigned  to  the  unpredicted  word,  and  in  the  terminology  of  pre¬ 
dictive  syntactic  analysis,  the  word  is  "accepted  by  infinity."  (The 
ordinary  prediction  is  considered  a  finite  prediction.) 

The  necessity  for  adopting  the  concept  of  a  word  accepted  by  infinity 
is  an  admission  that  predictive  analysis  cannot  be  completed  on  a  single  pass. 
The  hoped-for  result  from  a  single  pass  is  not  necessarily  a  complete  and 
comprehensive  analysis,  but  rather  a  limited  and  accurate  analysis  without 
error,  upon  which  the  desired  comprehensive  analysis  can  be  built. 

Situations  arise  when  several  intersections  with  the  alternative 
arguments  of  a  word  both  of  an  infinite  prediction  and  of  a  finite  prediction 
take  place  in  the  analysis  of  a  single  word.  Since  the  infinite  prediction 
is  a  weak  prediction,  really  a  statement  that  the  analysis  scheme  is  incomplete 
but  that  the  analysis  should  not  indicate  an  error,  it  is  desirable  that  the 
stronger  finite  prediction  be  chosen  whenever  possible.'  This  is  accomplished 
by  means  of  an  override  routine,  whereby  the  grammatical  unit  of  the  finite 
intersection  is  substituted  for  the  grammatical  unit  of  the  infinite  inter¬ 
section  in  the  event  the  infinite  intersection  occurred  first.  In  the 
present  program  an  override  takes  place  only  rarely.  It  occurs  usually  when 
a  short-form  adjective  is  homographic  with  an  adverb  (see  Part  5A) . 

The  infinity  classification  is  distinct  from  the  arbitrary  choice 
classification,  the  only  other  nongrammatically  oriented  classification  in 
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predictive  analysis.  A  word  is  an  arbitrary  choice  when  it  cannot  fulfill 
any  prediction  in  the  pool  and  does  not  belong  to  a  class  than  can  occur 
more  or  less  randomly.  By  definition,  the  arbitrary  choice  classification 
excludes  all  words  that  can  be  accepted  by  infinity.  A  word  such  as  a  noun 
that  does  not  fulfill  any  prediction  during  a  testing  cycle  and  cannot  be 
predicted  by  infinity  is  automatically  assigned  to  arbitrary  choice. 

One  of  the  requirements  for  the  identification  and  analysis  of  a 
complete  sentence  is  that  every  word  in  the  sentence  fulfill  a  prediction. 
Thus  a  completely  analyzed  sentence  can  contain  words  accepted  by  infinity, 
but  it  cannot  contain  any  words  which  have  been  labeled  "arbitrary  choice." 
The  chain  number,  briefly  mentioned  previously,  serves  to  indicate  the 
occurrence  of  an  arbitrary  choice.  The  chain  number  is  set  to  zero  prior 
to  the  analysis  of  a  new  sentence.  Every  time  an  arbitrary  choice  is  found, 
the  chain  number  is  incremented. 

D.  The  Program  Format 

Predictive  syntactic  analysis  has  been  conceived  as  a  program 
consisting  of  an  executive  routine  that  performs  the  various  bookkeeping 
duties  and  controls  two  sets  of  subroutines.  The  first  set,  the  testers, 
correspond  to  the  set  of  predictions.  The  second  set,  the  predictors, 
correspond  to  the  set  of  preferred  arguments  and  syntactic  roles  that  make 
new  predictions  or  modify  predictions  already  in  the  pool. 

Although  the  sentinels  are  considered  as  part  of  the  set  of  pre¬ 
dictions,  and  consequently  as  part  of  the  set  of  testers  in  the  program,  it 
is  more  logical  to  consider  them  as  a  third  distinct  set  of  subroutines. 
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The  detailed  logical  description  of  the  three  sets  of  subroutines 
is  given  in  Appendix  A.  The  remainder  of  this  report  is  devoted  to  a 
discussion  of  the  operation  and  interaction  of  the  various  members  of  these 
sets .  In  addition  to  reporting  on  the  present  system,  several  logical  errors 
in  the  system  are  pointed  out  and  occasional  suggestions  to  improve  the 
performance  of  the  program  are  included.  The  stress  is  on  the  improvement 
of  the  identification  of  the  structures  already  being  identified  as  opposed 
to  the  recognition  of  other  new  structures. 

3«  Elementary  Phrase  Structures 

In  predictive  syntactic  analysis  the  identification  of  the  syntactic 
role  of  individual  words  and  the  identification  of  the  phrase  and  clause 
structure  within  a  sentence  are  carried  out  simultaneously.  To  explain  the 
detailed  operation  of  the  process,  it  is  convenient  to  start  with  the 
deepest  nested  phrase  structures,  which  ai'e  the  simplest,  and  to  consider 
the  other  more  complex  structures  later. 

Consider  now  the  three  most  elementary  phrases,  the  noun  phrase,  the 
prepositional  phrase,  and  the  numeral  phrase.  Only  the  predictions  essential 
to  the  analysis  of  these  phrases  will  be  mentioned  here  in  an  effort  to 
avoic;  unnecessary  complication.  For  a  complete  picture  of  the  operation  of 
me  predictive  analysis  program,  the  steps  should  be  worked  out  in  detail 
using  the  rules  of  Appendix  A. 

A.  The  Basic  Phrase  and  the  End-wipe  Sentinel 

The  most  elementary  phrase  structure  in  Russian,  referred  to  as  the 
basic  phrase,  is  the  noun  immediately  preceded  by  none,  one,  or  more  than 
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one  adjective j  with  all  the  words  in  agreement  in  case,  number,  and  gender. 
Since  predictive  syntactic  analysis  proceeds  from  left  to  right,  the 
syntactic  role  of  the  basic  phrase  is  assigned  to  the  leftmost  word  of  the 
basic  phrase.  If  the  leftmost  word  is  a  noun,  then  the  basic  phrase  consists 
of  only  one  wordj  however,  if  it  is  an  adjective,  then  the  rest  of  the  basic 
phrase  must  be  identified  before  the  program  can  return  to  the  analysis  of 
any  other  higher- level  structure  in  the  sentence. 

The  basic  phrase  can  be  assigned  any  of  a  number  of  syntactic  roles, 
such  as  subject,  object,  or  preposition  complement,  which  are  represented 
by  appropriate  predictions  in  the  pool.  When  such  a  prediction  is  placed 
in  the  pool  no  indication  is  given  of  what  the  structure  of  the  basic  phrase 
will  be.  Therefore,  both  an  adjective  and  a  noun  must  be  capable  of  ful¬ 
filling  the  prediction.  For  the  same  reason  a  participle,  a  numeral,  and 
a  pronoun  must  also  fulfill  the  prediction.  (Discussion  of  these  syntactic 
word  classes  will  be  postponed  for  several  pages.) 

If  the  first  word  of  a  basic  phrase  is  an  adjective,  a  master  pre¬ 
diction  with  a  01  PSI  is  made.  Thus  the  analysis  of  the  sentence  can  be 
successful  only  if  another  adjective  or  a  noun  agreeing  in  case,  number, 
and  gender  with  the  original  adjective  follows.  If  the  word  that  follows 
is  a  second  adjective,  a  second  master  prediction  is  made,  and  this  process 
continues  until  a  noun  fulfills  the  master  prediction. 

To  ensure  that  either  an  error  is  indicated  or  the  master  prediction 
is  f  .'filled  before  other  less  deeply  nested  structures  are  analyzed,  an 
end -wipe  sentinel  is  placed  in  the  prediction  pool  immediately  below  the 
master  prediction.  If  the  end-wipe  sentinel  is  reached  during  the  testing 


NSF-7 

September  1961 


1-19 


cycle  before  any  Intersection  between  the  alternative  arguments  of  the 
current  word  being  tested  and  the  predictions  located  above  the  end  wipe 
has  been  recorded,  the  end  wipe  causes  itself  and  all  the  predictions  above 
it  to  be  wiped  from  the  pool. 

Before  wiping  predictions  from  the  pool,  the  end-wipe  sentinel 
subroutine  must  check  to  determine  whether  any  of  the  alternative  arguments 
of  the  current  word  can  be  accepted  by  infinity.  If  so,  the  wiping  process 
does  not  take  place. 

This  wiping  operation  seems  quite  arbitrary;  however,  sound  theo¬ 
retical  principles  have  suggested  this  approach.  A  model  of  the  Russian 

language  for  predictive  syntactic  analysis  has  been  discussed  previous- 
11  12  2 

ly.  '  ^  ’  The  model  is  based  on  the  parenthetic  and  parenthesis-free 

notation  of  mathematical  expressions .  It  has  been  shown  that  if  an 
expression  is  well  formed,  a  syntactic  analysis  of  the  expression  will  leave 
no  trace  in  the  prediction  pool.  That  is,  if  the  prediction  pool  consists 
of  a  certain  set  of  predictions  before  the  start  of  the  analysis  of  the 
well-formed  expression,  then  the  prediction  pool  will  consist  of  the  same 
set  of  predictions  after  the  analysis  of  the  expression.  On  the  assumption 
that  the  Russian  languege  is  well  formed  in  the  same  sense,  the  same  rule 
can  be  applied  to  the  syntactic  analysis  of  the  natural  language.  Of  course, 
in  a  Russian  analysis,  no  explicit  indication  of  the  end  of  a  well-formed 
expression  exists,  so  that  it  is  necessary  to  take  the  opposite  stand:  if 
the  first  intersection  in  the  test  of  a  word  occurs  with  a  prediction  located 
below  a  set  of  predictions  in  the  pool  belonging  to  a  deeper  nested  structure, 
the  deeper  nested  structure  is  assumed  to  be  complete.  On  the  hypothesis 
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that  the  expression  is  well  formed,  no  trace  of  the  analysis  of  the  expression 
should  remain  in  the  pool  and  the  residue  of  predictions  generated  by  the 
analysis  of  the  expression  should  be  wiped  from  the  prediction  pool.  A 
xheck  on  the  inaccuracy  of  the  hypothesis  is  the  01  PSI  prediction.  If  one 
or  more  are  wiped  from  the  pool  in  such  an  operation,  it  signifies  that  the 
analysis  did  not  result  in  a  well-formed  expression  and  an  error  exists . 

The  phrase  noflobHLie  anrenHue  CMCTewH  (Figure  2)*  is  a  typical  subject 
basic  phrase.  The  adjective  no;i;o6Hi>ie  fulfills  the  subject  prediction  in  the 
pod.  It  also  fulfills  the  left  object  prediction  which  is  farther  down  in 
the  pool.  The  second  intersection  is  duly  recorded  on  hindsight.  As  an 
adjective,  noflodHbie  predicts  a  master  that  must  be  nominative,  plural,  and 
can  have  any  gender .  An  end-wipe  sentinel  is  placed  under  the  master  pre¬ 
diction.  The  following  word,  the  adjective  aHrenHue,  fulfills  the  master 
prediction  and  is  accepted  as  the  master  of  noflobHbie.  It  too  predicts  a 
master  that  must  be  nominative,  plural,  and  any  gender.  This  second  master 
prediction  is  fulfilled  by  the  noun  OMCTeMu.  The  analysis  prograjii  determines 
that  the  basic  phrase  has  been  completely  analyzed  when  the  following  word, 
the  verb  onwcuBaroTCH,  is  analyzed.  The  end-wipe  sentinels,  inserted  into 
the  prediction  pool  when  the  master  predictions  were  made,  are  wiped  without 
any  indication  of  error. 

The  second  basic  phrase,  the  single  word  stom  (Figure  3),  illustrates 
the  use  of  the  end-wipe  sentinel.  When  stom  is  analyzed,  the  topmost  pre¬ 
diction  in  the  pool  is  a  preposition  complement,  a  prediction  for  a  basic 

*  Figure  2  and  all  those  that  follow  contain  text  material  both  before  and 
after  analysis  and  are  bound  separately  with  this  report  for  ease  of 
reference.  Information  collected  in  hindsight  during  analysis  is  included 
in  these  figures. 
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phrase  governed  by  a  preposition.  3tom  has  two  alternative  arguments,  one 
adjectival  and  one  nominal.  The  first  intersection  is  with  the  adjectival 
alternative  argument,  so  that  otom  is  selected  as  an  adjective  and  the  other 
intersection  is  noted  in  nindsight.  The  master  prediction  generated  by  the 
grammatical  unit  of  otom  is  for  a  locative,  singular,  and  masculine  or  neuter 
basic  phrase.  Once  more,  an  end-wipe  sentinel  is  placed  below  the  master 
prediction.  The  noun  pacnojiosceHne  cannot  fulfill  the  master  prediction; 
neither  can  it  be  accepted  by  infinity.  The  end-wipe  sentinel  therefore 
wipes  both  itself  and  the  master  prediction  from  the  pool.  Since  the  master 
prediction  has  a  01  PSI,  the  wipe  is  recorded  in  hindsight  as  an  indication 
of  an  error.  In  this  pai'ticular  example  the  error  is  the  obvious  incorrect 
choice  of  intersections,  and  it  can  be  corrected  by  selecting  the  nominal 
alternative  argument  of  3tom  as  the  preposition  complement. 

The  phrase  npw  3tom  might  be  considered  an  idiom.  To  reduce  the 
large  number  of  idiomatic  expressions  that  must  be  recognized  in  Russian, 
it  is  convenient  to  consider  expressions  idiomatic  only  if  their  syntactic 
or  semantic  meaning  cannot  be  determined  by  an  ordinary  analysis.  Since 
the  grammatical  usage  of  i:pM  3Tom  can  be  obtainea  from  ordinary  syntactic- 
analysis  techniques,  the  prepositional  phrase  does  not  qualify,  in  this 
sense,  as  a  syntactic  idiom. 

The  third  example,  cpeflHioio  aa  mhopo  ne 0:10403  aMUJUtryfly  (Figure  4) 
illustrates  the  need  for  the  infinity  tost  before  the  end  wipe  performs  its 
role.  The  words  of  the  basic  phrase  cpeflHroro  awnraiTyfly  are  not  contiguous; 
the  adjective  is  modified  by  the  prepositional  phrase  aa  mhoto  nepwoflOB. 

The  preposition  is  accepted  by  infinity  and  the  rest  of  the  prepositional 
phrase  is  analyzed  before  the  basic  phrase  can  be  identified. 
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From  the  above  examples  the  two  functions  of  the  end-wipe  sentinel 
are  evident.  The  sentinel  provides  a  mechanism  for  wiping  predictions  that 
can  no  longer  be  fulfilled.  It  also  provides  a  latent  mechanism  for  the 
quick  detection  of  errors  by  wiping  predictions  that  must  be  fulfilled.  The 
second  function  cannot  be  really  utilized  until  errors  are  corrected  during 
the  analysis  pass . 

Occasionally  an  author  writes  a  basic  phrase  with  the  noun  preceding 
the  adjective  and  with  no  intervening  commas.  This  practice  was  quite  common 
in  the  19th  century  as  evinced  by  text  OUU  where  this  structure  was  en¬ 
countered  in  almost  every  sentence.  In  modern  texts  this  structure  is  very 
rare;  only  one  instance  was  discovered  among  the  other  analyzed  texts: 
cbnpoTKBjieHwe  sto  ;5;oji*ho  dyrt...  (Figure  5)  •  Perhaps  the  author  was  trying 
to  emphasize  his  argument  in  this  sentence.  Due  to  the  extreme  rarity  of 
such  structures  in  the  modern  language,  no  provision  for  handling  them  has 
been  made  in  the  analysis  program  to  date.  The  error  in  the  analysis  of 
3T0  is  propagated  when  flOJiscHo  is  not  selected  as  the  predicate  (see  Part  5). 

A  second  independent  error  is  caused  by  the  selection  of  SHauMTejibHO  a 
verb  complement  rather  than  as  an  adverb  (see  Part  4E) . 

B.  The  Noun  Phrase  and  the  Pronoun  Phrase 

Whereas  every  adjective  predicts  a  master  that  must  be  fulfilled, 
every  noun  predicts  a  noun  complement  that  need  not  be  fulfilled,  but  if  it 
is  to  be  fulfilled  at  aJl,  it  must  be  fulfilled  at  once.  The  noun  complement 
prediction  with  a  00  PSI  can  be  fulfilled  by  a  genitive  noun  phrase.  Of 
course,  the  noun  of  a  noun  complement  basic  phrase  also  predicts  a  noun 
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complement,  so  that  this  type  of  structure  may  repeat  several  times.  The 
initial  basic  phrase,  v;hich  fulfills  some  prediction  other  than  a  noun 
complement,  followed  by  any  and  all  noun  complement  basic  phrases  together 
constitute  a  noun  phrase.  Any  other  deeper  nested  structures  that  interrupt 
the  analysis  of  these  basic  phrases,  such  as  the  prepositional  phrase  in 
Figure  4,  are  part  of  the  noun  phrase. 

A  typical  example  of  a  noun  phrase  consisting  of  two  basic  phrases 
is  ne^aTHtie  cxeMbi  caHTHweTpoBoro  flManasoHa  (Figure  6)  .  After  neuaTHbie  cxomli 
is  identified  as  the  subject  basic  phrase,  the  noun  cxeMLi  predicts  the  noun 
complement.  The  genitive  singular  alternative  argument  of  the  adjective 
caHTMweTpoBoro  fulfills  the  noun  complement  prediction  and  makes  the  subse¬ 
quent  prediction  of  a  genitive  singular  master.  The  noun  phrase  is  com¬ 
pletely  analyzed  by  the  recognition  of  the  noun  fluanasona  as  the  master  of 
caHTMMeTpoBoro.  Although  this  noun  also  makes  a  noun  complement  prediction, 
the  next  item  in  the  sentence  is  a  comma  that  cannot  fulfill  the  prediction. 

Pronouns,  with  the  exception  of  relative  pronouns,  are  not  treated 
as  separate  entities  in  the  predictive  analysis  program.  In  the  testing 
phase  of  the  program,  a  pronoun  can  be  accepted  in  place  of  an  adjective  or 
a  noun.  If  the  pronoun  is  coded  adjectivally,  the  predictions  of  an  adjec¬ 
tive  are  made;  if  it  is  coded  nominally,  the  predictions  of  a  noun  are  made. 
A  no;:;inal  pronoun  cannot  be  modified  by  preceding  adjectives  and  it  cannot 
be  followed  by  a  noun  complement.  The  treatment  of  a  nominal  pronoun  as  a 
noun  is  presently  based  on  the  hypothesis  that  no  harm  is  done  in  making  the 
same  predictions  since  the  nominal  pronoun  should  not  be  found  preceded  by 
modifying  adjectives  or  followed  by  a  noun  complement,  and  the  wrong 
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prediction  should  not  be  fulfilled..  Unfortunately,  this  hypothesis  is  not 
valid  and  separate  categories  are  necessary.  Ona  in  the  sentence  ona  Hmero 
He  cKaaajia  (Figure  7)  cannot  have  a  noun  complement  under  any  circumstances. 
Hlmero  is  really  the  object  of  the  negated  verb  (see  Part  4) • 

G.  Adjective-noun  Homography 

Ad jective-ncun  homography  in  Russian  is  not  uncornnon  and  an  appropri¬ 
ate  method  for  handling  the  ambiguity  is  essential  since  every  prediction 
that  can  be  fulfilled  by  a  noun  can  also  be  fulfilled  by  an  adjective ,  The 
pronoun  otom  (Figure  3)  exhibited  this  ambiguity.  The  homograph  MHorwe  in 
the  basic  phrase  MHorMe  ^vismecKKe  mJiem'if;  (Figure  S)  is  more  illuminating. 

As  used  in  the  exair.ple  KtHorwe  is  an  adjective.  It  is  used  as  a  noun  in  the 
counterpart  example  MHorwe  pyccKMX  asTopoB. 

The  choice  of  homographs,  which  is  determined  by  their  ordering.,  can 
be  based  either  on  the  statistical  frequency  of  expectation  or  on  fail-safe 
error  indications  in  the  subsequent  analysis.  The  latter  basis  is  obviousiy 
preferable  for  the  ultimate  achievement  of  an  error-free  analysis,  and 
adjective-noun  homographs  are  appropriately  ordered  with  the  adjective 
always  preceding  the  noun. 

A.1  adjecLive  predicts  a  master  with  a  01  PSI ;  that  is,  the  master 
.'i.uit  ccc'tr  ,  To  ensure  that  the  master  occurs  immediately  after  the  adjective, 
with  certain  exceptions  already  .mentioned,  an  end-wipe  sentinel  is  placed 
underneath  it  in  tne  pool.  The  example  of  Figure  3  has  indicated  that  the 
lack  of  a  master  results  in  a  quick  error  indication  in  the  form  of  a  wiped 
predicticn  recorded  in  hindsight.  In  contrast,  the  noun  makes  only  the  weak 
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prediction  of  a  noun  complement  with  a  00  PSI .  If  no  noun  complement  is 
found j  the  prediction  is  wiped  and  no  record  is  kept  that  the  prediction 
ever  occurred.  The  net  result  is  that  if  the  nominal  choice  is  in  error ^ 
no  explicit  indication  of  the  error  is  left. 

Consider  the  basic  phrase  in  Figure  8  as  an  example.  By  selecting 
the  adjective  before  the  noun,  this  phrase  is  analyzed  correctly.  But  now 
assume  that  the  phrase  is  the  alternative  MHoriie  pyccKHX  asTopoB.  The 
second  word,  pyccKwx,  cannot  fulfill  the  master  prediction  of  MHorae  since 
there  is  no  agreement  in  case  and  number.  The  master  prediction  is  therefore 
wiped  by  the  following  end-wipe  sentinel.  The  error  is  detected  and  can  be 
corrected  since  the  only  alternative  action  is  to  consider  MHorwe  as  a  noun 
and  predict  a  noun  complement. 

Now  consider  the  counterexample  where  the  noun  is  selected  before 
the  adjective.  This  time  the  alternative  phrase  is  analyzed  correctly, 
whereas  MHorwe  ^MstnecKMe  abjibhub  is  the  problem.  If  MHorae  is  selected  as 
a  noun,  a  noun  complement  prediction  is  placed  at  the  top  of  the  pool. 
$M3M-!ecKMe  cannot  fulfill  the  noun  complement  prediction,  the  prediction  is 
wiped,  and  the  analysis  proceeds  to  test  the  other  predictions  in  the  pool 
with  no  indication  of  error.  If  there  is  another  prediction  located  farther 
down  in  the  pool  that  can  be  fulfilled  by  a  nominative  or  accusative  adjec¬ 
tive,  the  program  will  assume  that  the  syntax  of  the  sentence  is  still  being 
correctly  analyzed.  Only  if  there  is  no  other  intersection  will  $M3MMecK>ie 
be  labeled  arbitrary  choice  and  will  an  error  be  indicated.  Note  that  in 
selecting  a  noun  first  the  error  indication  is  not  assured  but  is  up  to 
chance.  This  is  a  highly  undesirable  predicament'. 
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D .  The  Prepositional  Phrase 

The  structure  of  a  prepositional  phrase  is  almost  identical  with 
that  of  a  noun  phrase,  the  only  difference  being  that  the  leading  basic 
phrase  in  a  prepositional  phrase  is  preceded  by  a  preposition.  In  discussing 
the  basic  phrase  or  noun  phrase,  the  analysis  of  the  first  word  of  the  phrase 
was  not  considered  but  was  postponed  temporarily.  Similarly,  the  discussion 
of  the  intersection  of  the  preposition  will  be  postponed  and  only  the  analysis 
of  the  phrase  is  considered. 

Every  preposition  predicts  that  a  preposition  complement,  a  basic 
phrase  in  a  case  governed  by  the  preposition,  must  follow  immediately  after 
the  preposition.  The  01  PSI  of  the  preposition  complement  and  the  end-wipe 
sentinel  placed  immediately  below  the  prediction  present  a  situation  identical 
to  the  master  prediction  already  discussed. 

Every  preposition  can  govern  one  or  more  cases.  This  information 
is  stored  in  word  6  of  the  dictionary  entry  of  the  preposition.  In  the  first 
example,  the  preposition  npn  of  the  phrase  upw  pasjswHUx  MccjieflOBaHMKx 
(Figur-e  9)  can  govern  only  the  locative  case.  This  is  represented  by  the 
two  P's  in  word  6,  one  each  for  the  singular  and  the  plural.  In  this  example 
one  of  the  three  alternative  eirguments  for  the  following  adjective  pasmu^iux 
intersects  with  the  preposition  complement  prediction.  The  identification 
of  the  following  locative  plural  noun  wccmeflOBaHM^ix  completes  the  analysis 
of  the  phrase. 

Multiple  intersections  resulting  in  case  and  number  ambiguities  are 
represented  by  the  examples  AJih  ee  oroicaHMH  (Figure  10)  and  b  jiio6o^. 
npeflfcmymMM  MOMenr  (Figure  11) .  In  the  former  example  three  of  the  alternative 
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arguments  of  ee  intersect  with  the  preposition  complement  prediction: 

/pronoun,  adjectival,  genitive,  singular/,  /pronoun,  adjectival,  genitive, 
plural/,  and  /pronoun,  nominal,  genitive,  singular/.  The  first  two  can  be 
selected  simultaneously  since  the  syntactic  word  class  is  the  same,  'while 
the  third  can  be  entered  only  in  hindsight.  The  subsequent  master  prediction 
can  be  fulfilled  by  a  genitive  singular  or  genitive  plural  noun.  Here 
omcaHMr  is  genitive  singular.  In  the  latter  example  case  intersections  of 
the  preposition  complement  are  ambiguous,  both  the  accusative  singular  and 
locative  singular  alternative  arguments  of  jiioboM  intersecting  with  the  pre¬ 
diction  made  by  b*  The  second  adjective  npefltmymuM  agrees  'with  only  one  of 
the  possible  cases,  resolving  the  ambiguity. 

In  both  previous  examples  the  ambiguity  is  finally  resolved  by  a 
third  'word  of  the  prepositional  phrase.  Such  ambiguities  are  not  al\/ays 
resolved.  The  analysis  of  the  prepositional  phrase  b  odjiacTM  (Figure  12) 
gives  t,.’o  syntactic  possibilities,  locative  singular  or  accusative  pl'ural. 
ho  cubscruent  word  in  the  phrase  exists  to  resolve  the  ambiguity.  Unless 
uhe  reader  semantically  analyses  the  context  of  b  objiacTM^  he  cannot  determine 
.liother  the  author  meant  "in  the  region"  or  "in  the  re^/ons."  The  reso¬ 
lution  of  such  ambiguities  in  the  predictive  analysis  program  is  dc'eixent 
on  the  prediction  of  the  preposition  .,;rid  its  iiii.-.ai>  to  the  word  it  modifies. 

n.  The  Numeral  Phrase 

All  the  cardinal  numerals  and  ctl.er  words  expressing  !iu:..eric 
concepts  are  treated  in  a  special  manner  because  they  do  not  follow  the  sa.-ne 
rules  as  ordinary  adjectives  and  nouns.  In  spou]<i;'.g  of  a  numeral  g'hrase, 
only  the  set  of  words  that  are  treated  in  tiie  special  mannci  is  considered. 
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The  ordinal  numerals  are  not  included  in  this  set  but  are  coded  as  ordinary 

adjectives.  A  complete  list  of  the  words  that  fall  into  the  set  of  numerals 

18 

has  been  given  by  Magassy. 

Numerals  fulfill  the  same  predictions  as  ordinary  nouns  and  adjec¬ 
tives  .  In  addition,  if  a  numeral  is  nominally  coded,  normal  nominal  pre¬ 
dictions  can  be  made.  Hoviever,  if  a  numei-al  is  adjectivally  coded,  which 
is  the  usual  situation,  a  new  type  of  master  prediction,  the  numeral  master, 
is  made  since  the  case  and  number  of  the  numeral  master  do  not  always  agree 
with  the  case  and  number  of  the  numeral.  Numeral  masters  are  marked  'with 
an  "N"  instead  of  the  normal  "f.1"  in  word  9  to  distinguish  them  from  ordinary 
masters . 

Three  types  of  "agreement,"  depending  on  numeral  type,  occur  between 
numerals  and  numeral  masters:  (l)  the  case  and  number  of  the  numeral  master 
agree  with  the  case  and  number  of  the  numeral;  (2)  the  case  and  number  of 
the  nui^ieral  master  do  not  agree  with  the  case  and  number  of  the  numeral; 
and  (3)  the  case  and  number  of  the  numeral  master  do  not  exgree  with  the  case 
and  number  of  the  numeral,  and,  in  addition,  the  case  and  number  of  the 
adjectival  numeral  master  do  not  agree  with  the  case  and  number  of  a  nominal 
numeral  master.  In  the  first  two  cases,  if  the  numeral  master  is  an  adjec¬ 
tive,  the  noun  that  completes  the  phrase  agrees  with  the  adjective  as  in  an 
ordinary  basic  plirase . 

Due  to  the  above-mentioned  special  properties,  numerals  are  coded 

18 

in  a  somewhat  different  manner  from  adjectives  or  nouns .  The  case  and 
number  combinations  that  the  numeral  can  govern  are  entered  in  word  8.  If 
a  numeral  is  of  the  first  two  types  then  the  information  in  word  8  is  coded 
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in  the  normal  "NGACIPNGACIP"  notation;  if  a  numeral  is  of  the  third  type, 
a  special  "RZV"  code  is  used. 

The  numeral  o;i;hom  in  the  phrase  MOjieKyji  OflHoi^  skmakoctm  (Figure  13) 
is  an  example  of  the  first  type.  The  hindsight  for  must  numerals  is 
unusually  large  since  most  numerals  have  adjectival  and  nominal  homographs 
and  therefore  account  for  a  large  number  of  intersections .  The  alternative 
arguments  of  oflHoii  intersect  eight  times  with  predictions  in  the  pool;  the 
first  intersection  is  between  the  /numeral,  adjectival,  genitive,  singular/ 
alternative  argument  and  the  noun  complement  prediction  made  by  MOjieKyji . 

When  a  numeral  is  accepted  as  an  adjective,  the  numeral  predictor 
subroutine  examines  whether  or  not  the  numeral  can  have  a  normal  agreement 
with  the  preferred  argument  of  its  numeral  master.  This  test  is  accomplished 
in  two  stages.  First  the  program  checks  for  the  "RZV"  notation.  If  this 
is  not  found,  the  program  looks  for  an  intersection  between  the  preferred 
argument  of  the  numeral  and  the  information  stored  in  word  8.  An  inter¬ 
section  indicates  that  a  normal  numeral  master  should  be  predicted  and  the 
num.eral  is  of  the  first  type.  No  intersection  would  indicate  the  second 
type.  In  the  illustrated  example  since  the  information  in  word  6  is  identical 
to  the  information  in  word  8,  the  n'umeral  has  to  be  of  the  first  type.  The 
nujTieral  is  accepted  as  a  genitive  singular'  noun  complement  and  xj/piiKOCTH  is 
then  accepted  as  the  genitive  singular  master  of  the  noun  complement. 

A  second  example  of  a  numeral  of  the  first  type  is  illustrated  by 
the  numeral  ;^Byx  in  the  phrase  b  flByx  craTbHX  cdopHMKa  (Figure  14)  •  Here 
are  four  multiple  intersections  between  adjectival  alternative  arguments 
of  flsyx  and  the  preposition  complement  prediction  of  b.  All  four  inter¬ 
sections  are  recorded  and  checked  against  tne  agreement  code  in  word  8. 
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Only  two  intersections,  accusative  plural  and  locative  plural,  result  from 
this  test,  so  that  the  ensuing  numeral  master  can  be  fulfilled  only  by  an 
accusative  or  locative  plural  numeral  master.  The  following  noun  cTaTbflX 
turns  out  to  be  locative  plural  and  the  numeral  master  prediction  is 
fulfilled . 

When  the  numeral  predictor  subroutine  examines  an  analyzed  numeral 
and  no  intersection  exists  between  the  preferred  argument  of  the  analyzed 
numeral  and  the  agreement  code  from  the  dictionary  entry  in  word  8,  a  numeral 
master  is  predicted  with  whatever  ease  and  number  combinations  that  are 
listed  in  the  agreement  code.  The  information  in  the  preferred  argument  of 
the  analyzed  numeral  is  completely  disregarded.  If  there  is  no  intersection 
whatsoever  with  the  preferred  argument  and  the  agreement  code,  then  the 
numeral  is  of  the  second  type.  The  numeral  nOTb  in  the  phrase  rwTb 
ocxpoywHux  MaxeMarKKOB  (Figure  15)*  illustrates  this  type.  nOTb  is  accepted 
as  the  subject,  either  singular  or  plural’,  of  the  sentence.  The  agreement 
code  states  that  only  a  genitive  plural  master  can  follow  the  numeral.  This 
genitive  plural  numeral  master  prediction  is  then  fulfilled  by  the  adjective 
ocxpoyMHbK. 

The  numeral  phrase  is  still  incomplete  since  a  noun  is  needed  to 
terminate  the  phrase.  The  adjective  ocxpoyMUux  predicts  a  second  numeral 

master  agreeing  in  case  and  number.  Although  the  gender  is  not  tested,  it 

•  * 

should  agree  also.  This  test  is  analogous  to  the  ordinary  basic  phrase 
containing  more  than  one  adjective,  where  each  adjective  predicts  a  new 

*  The  verb  npMnuin  in  Figure  15  and  the  verb  npMmem  in  Figure  20  are  listed 
in  the  dictionary  at  this  time  only  in  the  reflexive  form. 
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master  until  finally  a  noun  is  analyzed .  In  this  example  the  phrase  is 
completely  analyzed  after  the  noun  MaTewaTHKOB  is  accepted  as  the  second 
numeral  master  of  the  subject. 

The  numerals  of  the  third  type  differ  from  the  other  types  in  that 
their  numeral  masters  do  not  obey  the  simple  rules  of  agreement.  Whereas 
nominal  numeral  masters  of  the  third  type  of  numeral  always  appear  in  the 
genitive  singular,  adjectival  numeral  masters  are  either  nominative  plural 
or  genitive  plural.  This  unusual  type  of  agreement  is  indicated  by  the 
coding  "OROOOOZVOOOO"  in  word  8  of  the  dictionary  item.  The  single  numeral 
master  prediction  made  by  such  numerals  is  organized  to  accept  either  a 
genitive  singular  noun  or  a  nominative  pluj’al  or  genitive  plural  adjective. 
If  a  noun  fulfills  the  prediction,  then  the  numeral  phrase  is  completely 
analyzed.  However,  if  an  adjective  fulfills  the  prediction,  the  adjective 
generates  a  new  numeral  master  prediction  that  will  accent  either  the 
genitive  singular  noun  or  another  adjective  in  the  same  case  and  number  as 
the  adjective  making  the  prediction. 

Three  phrases  illustrate  the  various  combinations  that  are  analyzed 
by  the  predictive  analysis  program.  The  noun  otiakocth  is  analyzed  as  the 
genitive  singular  numeral  master  following  the  numeral  in  the  phrase  ^se 
JKMflKOCTM  (Figure  16)  .  The  syntactic  analyses  of  a  genitive  singular  noun 
numeral  master  following  a  nominative  plural  adjective  numeral  master  and 
a  genitive  plural  adjective  numeral  master  are  illustrated  by  the  phrases 
uerupe  uepHue  khupm  (Figure  17)  and  ueTupe  uepHux  khm™  (Figure  18), 
respectively . 
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F.  Numeral  Chaining 

Another  aspect  of  the  numeral  phrase  poses  special  problems  for 
automatic  syntactic  analysis.  When  a  number  greater  than  twenty  is  written 
out,  all  the  numerals  but  the  last  in  the  sequence  are  written  in  the 
nominative  ease,  regardless  of  the  syntactic  usage  of  the  set  of  words. 

Only  the  last  word  of  the  sequence  is  inflected  in  the  normal  manner.  In 
the  phrase,  npn  cto  copoK  A^y^  asTopax,  cto  and  copoK  are  written  in  the 
nominative  case  while  flByx  is  in  the  expected  locative  case . 

The  chain  numeral  prediction  has  been  adopted  to  handle  tnis  prob.lem. 
As  the  following  examples  indicaLe,  the  present  rules  for  the  chain  numeral 
are  not  completely  effective.  Every  numeral  predicts  a  numeral  master  and 
a  chain  numeral  mutually  exclusively  (with  a  PSI  between  20  and  29) .  A 
chain  numeral  prediction  can  be  fulfilled  by  any  numeral  that  agrees  with 
the  chain  numeral  making  the  prediction  in  case,  number,  and  gender.  A 
chain  numeral  can  also  be  accepted  by  infinity  although,  in  this  case,  the 
numeral  must  have  a  nominative  alternative  argument.  A  chain  numeral  is 
assigned  a  23  PSI  and  the  numeral  master  is  assigned  a  21  PSI.  Thus  if 
neither  of  the  mutually  exclusive  predictions  is  fulfilled,  the  single  pre¬ 
diction  with  the  21  PSI  is  recorded  on  hindsight  when  the  set  of  predictions 
is  wiped.  The  recording  of  a  single  prediction  is  sufficient  to  indicate 
the  error.  If  one  of  the  predictions  with  a  23  PSI  is  fulfilled,  then  the 
prediction  with  a  21  PSI  is  wiped,  unrecorded  on  hindsight. 

A  chain  numeral  can  occur  in  one  of  two  ways:  the  chain  numeral  is 
adjoined  to  a  second  cardinal  numeral  or  the  chain  numeral  is  adjoined  to  an 
ordinal,  a  word  that  is  considered  an  ordinary  adjective  rather  than  a  numeral. 
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The  analysis  of  a  chain  numeral  adjoined  to  other  cardinal  numerals 
has  been  completed  without  error  in  all  the  instances  in  the  analyzed  texts. 
For  example,  ^BecTM  in  the  phrase  ;ii;BecTM  TpHfln;aTb  flBa  vejioBeKa  (Figure  19)* 
fulfills  the  subject  prediction  and  then  predicts  mutually  exclusively  a 
nominative  chain  numeral  and  a  genitive  plural  numeral  master.  TpI^^I;^aTB 
fulfills  the  chain  numeral  prediction  and  itself  makes  the  same  two  pre¬ 
dictions.  JlB&  fulfills  the  chain  numeral  prediction  made  by  TpMflij;aTb  and, 
in  turn,  makes  another  chain  numeral  prediction  and  an  "RZV"  numeral  master 
prediction.  The  latter  prediction  is  fulfilled  by  the  genitive  singular 
noun  uejioBeKa.  Such  a  numeral  phrase  is  indistinguishable  from  an  ordinary 
numeral  phrase  since  the  same  "N"  mark,  which  indicates  numeral  masters, 
erroneously  indicates  a  chain  numeral. 

A  correct  analysis  cannot  be  reached  if  a  chain  numeral  phrase 
terminates  in  an  ordinal  numeral  as  in  cto  copoK  BXopoM  nejiOBeK  (Figure  20) . 
The  ordinal  would  have  to  be  accepted  as  a  chain  numeral  for  the  analysis 
to  succeed.  However,  ordinals  are  classified  as  ordinary  adjectives  and  thus 
cannot  fulfill  the  chain  numeral  prediction.  This  raises  the  question  of 
whether  ordinal  numerals  should  not  be  considered  as  numerals  that  belong 
to  regular  inflected  adjectival  classes.  The  governmental  properties  of 
ordinal  numerals  are  different  from  ordinary  adjectives,  as  illustrated  in 
Figure  20. 


* 


A  "bug"  in  the  dictionary  lookup  program  does  not  recognize  any  form  of 
uejiOBeK  except  the  canonical  form. 
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4.  Government  and  Objects 

The  two  syntactic  relationships  "agreement”  and  "government"  can  be 
distinguished  with  reference  to  the  question  of  matching.  If  the  grammatical 
characteristics  (case,  number,  and  gender)  of  an  adjective  and  noun  match, 
the  relationship  is  agreement.  Otherwise,  the  relationship  is  considered 
government.  Further,  the  two  concepts  can  be  distinguished  since  wherever 
agreement  is  mentioned,  either  case  and  number  or  case,  number,  and  gender 
are  tested j  wherever  government  is  mentioned,  case  alone  is  tested.  This 
lacter  division  seems  more  definitive  and  is  used  here.  Thus  the  numeral 
master  agrees  with  the  numeral  and  the  numeral  does  not  govern  the  numeral 
master.  The  number  of  the  numeral  master  is  specified,  even  though  it  may 
be  plural  for  an  adjectival  numeral  master  and  singular  for  a  nominal  numeral 
master. 

The  phrase  structures  identified  by  agreement  have  been  considered 
in  Part  3  and  the  structures  identified  by  government  are  discussed  in  this 
part.  The  prediction  that  is  usually  generated  to  fulfill  a  government 
relationship  is  the  object,  although  several  others  exist.  Among  these,  the 
preposition  complement  and  the  noun  complement  have  already  been  mentioned 
(Part  3) . 


A.  The  Verb  Phrase 

The  third  simple  deeply  nested  phrase  structure  recognized  by  the 
predictive  syntactic  analysis  program  is  the  verb  phrase.  It  is  somewhat 
more  complex  than  the  noun  phrase  or  prepositional  phrase  since  it  may 
include  one  or  both  of  the  other  two  types.  Both  noun  phrases  and 
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prepositional  phrases  have  a  similar  structure,  adjectives  and  a  noun 
following  an  initial  adjective  or  preposition,  respectively.  A  verb  phrase 
consists  of  a  verb  that  may  be- followed  by  a  prepositional  phrase,  one  or 
more  objects  (noun  phrases),  a  verb  master  (an  infinitive  verb),  or  any 
combination  of  the  three.  The  verb  phrase  may  also  consist  of  a  verb 
followed  by  a  clause  as  the  object,  but  this  structure  is  not  identified 
in  the  present  version  of  the  program.  In  all  three  deeply  nested  phrase 
structures  other  words  such  as  adverbs  that  modify  individual  words  in  the 
phrase  are  also  found  (see  Figure  22) . 

The  verb  master  is  predicted  by  every  verb  just  as  a  noun  complement 
is  predicted  by  every  noun.  The  object  and  preposition  object  are  predicted 
only  if  information  is  present  in  the  dictionary  item  of  the  verb  to  indicate 
that  they  are  expected  to  occur.  Examples  of  each  of  the  three  types  of  verb 
phrases  are  given  in  the  two  phrases  cboamtca  k  wsroTOEjienMK  (Figure  21) 
and  TpebywT  flJiF  CBoero  MsyxjeHHfl  yweimH  BfcwwcJiaTb  aepoATHocTM  (Figure  22). 

A  preposition  object  prediction  of  the  preposition  k  governing  the 
dative  case  is  made  by  the  verb  cbo^mtch.  The  "D9"  mark  in  word  6  is  the 
Indicator  of  this  prediction.  A  verb  master  and  an  instrumental  agent  pre¬ 
diction  (Part  4C)  are  placed  underneath  the  preposition  object  prediction 
in  the  pool.  The  instrumental  agent  is  predicted  because  the  verb  is 
reflexive.  The  preposition  k  fulfills  the  preposition  object  prediction. 

In  the  second  example  (Figure  22) ,  the  verb  Tpebyror  predicts  a 
preposition  object  (F4),  a  genitive  object  (P5),  and  a  verb  master.  The 
preposition  object  predicted  byrnpebyiOT  is  ot  governing  the  genitive  case. 

The  preposition  which  follows  Tpebyicrr  cannot  fuKill  the  preposition 
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object  prediction  and,  instead,  is  accepted  by  infinity.  The  entire  prepo¬ 
sitional  phrase  cBoero  MsyweHMfl  3™eHaF  is  then  analyzed.  The  infinitive  verb 
BBMMCJiaxb  then  fulfills  the  verb  master  prediction  of  Tpedyror  and,  in  turn, 
predicts  an  accusative  object  (P7) . 

The  present  program  does  not  make  the  object  prediction  of  a  verb 
mutually  exclusive  with  the  verb  master  pr-ediction.  Thus  an  object  pre¬ 
diction  remains  in  the  pool  if  the  verb  master  is  fulfilled »  In  this 
example  the  noun  seponTHOCTM  fulfills  both  the  accurative  object  prediction 
of  BbMMCjiaTb  and  the  genitive  object  prediction  of  TpebyioT.  The  correct 
analysis  is  made  because  the  accusative  object  was  predicted  after  the 
genitive  object  and  therefore  is  higher  up  in  the  prediction  pool. 

The  prepositional  phrase  flJin  cBoero  xsyqeHWB  yMeHUH  is  an  example  of  an 
unpredicted  structure  that  modifies  a  word  in  a  verb  phrase  and  that  is 
part  of  the  verb  phrase  itself. 

The  preposition  object  prediction  can  serve  another  purpose  in 
addition  to  linking  the  prepositional  phrase  to  a  verb  or  participle.  Since 
the  preposition  object  prediction  states  not  only  the  preposition  predicted 
but  also  the  case  governed  by  the  preposition,  the  preposition  complement 
prediction  of  the  preposition  is  less  ambiguous.  In  the  example  crajiKUBaeTCH 
c  .ivjivam  (Figure  23)  the  preposition  complement  predicted  by  c  is  limited 
by  the  "Jl"  code  in  the  lO-word  item  of  the  preceding  verb  only  to  an 
instrumental  basic  phrase  although  usually  the  prediction  can  be  fulfilled 
by  an  instrumental,  genitive,  or  accusative  basic  phrase.  So  far,  no 
example  has  been  found  where  this  process  resolved  an  actuil  ambiguity. 

The  preposition  object  and  object  predictions  are  made  based  on 

19 

grammatical  information  in  Die  Hussischen  Verben  which  was  coded  in  the 
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dictionary  entries.  Both  a  first  government  and  a  second  government  are 
listed  in  the  source  book  although  this  distinction  has  been  kept  only  with 
the  object  codes,  a  "P"  code  for  the  first  government  and  an  "L"  code  for 
the  second  government.  At  the  time  the  coding  was  transcribed,  no  syntactic 
analysis  program  existed  with  which  to  verify  the  accuracy  and  the  com¬ 
pleteness  of  the  coding.  A  comprehensive  verification  still  has  not  been 

PO 

made,  although  it  was  considered  by  Plath  some  time  ago.'  The  single 
overriding  problem  in  the  coding  is  with  the  government  of  an  accusative 
object.  Sometimes,  when  a  verb  is  obviously  transitive,  the  accusative 
government  is  not  mentioned  in  the  reference  book  used.  Thus  the  absence 
of  a  government  code  in  word  6  can  indicate  either  that  the  verb  cannot 
govern  an  object  or  that  the  verb  is  an  ordinary  transitive  verb.  For  an 
automatic  syntactic  analysis  technique,  this  distinction  must  be  made 
explicitly . 

The  preposition  object  coding  is  not  adequate  at  this  time.  The 
preposition  object  prediction  was  recently  added  to  the  analysis  program 
on  a  limited  scale.  The  prediction  with  a  00  PSI  is  made  only  by  verbs. 
Thus,  unless  the  preposition  immediately  follows  the  verb,  the  prediction 
is  lost.  In  this  limited  manner  only  12  of  614  prepositions  in  the  analyzed 
texts  were  selected  as  preposition  objects.  A  study  of  the  texts  has 
indicated  that  a  total  of  33  of  the  prepositions  could  be  selected  if  the 
PSI  were  changed  from  00  to  03  and  pai’ticiples  also  predicted  preposition 
objects.  This  still  seems  to  be  too  small  a  number  and  suggests  that  the 
coding  information  taken  from  Die  Russischen  Verben  is  insufficient  for 
present  purposes. 
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The  two-character  alphanumeric  coding  format  for  verbal  government 
has  been  proven  inefficient.  It  is  neither  suitable  for  automatic  interpre¬ 
tation  by  a  computer  program  nor  sufficiently  mnemonic  to  assist  the  coder 
or  reader  of  program  output  material.  The  latter  criticism  is  levied 
particularly  at  the  preposition  object  codes. 

Not  all  the  government  object  predictions  are  made  in  the  current 
predictive  analysis  program.  Several  analyses  with  missing  object  pre¬ 
dictions  as  in  cjiyjKamwe  onopoii  Bcew  anaHr/im  (Figure  24),  were  found.  In 
this  example  the  "L8"  in  word  8  of  the  dictionary  entry  of  cjiy»amne  is  not 
identified  and  an  instrumental  object  prediction  that  would  be  fulfilled  by 
onopoM  is  not  made. 

The  relative  merits  of  testing  an  adjective  before  or  after  a  noun 
when  an  adjective-noun  homograph  appears  have  been  mentioned  previously 
(Part  3G).  The  same  problem  appears  in  testing  verb-noun  and  verb- adjective 
homographs  against  a  given  prediction.  In  the  verb- noun  case  the  verb 
alternative  argument  should  be  tested  before  the  noun  alternative  argument 
since  a  verb  makes  predictions  with  01  PSI  whereas  a  noun  does  not.  The 
verb-adjective  homograph  is  typified  by  BCTpeuaew  (Figure  25)  where  a  rare 
and  dubious  short-form  adjective  forms  a  homograph  with  a  normal  finite  verb 
form.  Here  too  the  verb  alternative  argument  should  be  tested  first,  but 
on  the  grounds  that  the  other  possibility  is  so  rare  if  existent  at  all  as 
to  be  negligible .  This  example  actually  provides  a  third  homographic  form 
since  BcxpeuaeM  can  also  be  used  participially . 
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B.  Other  Object  Predictors 

A  participle  is  a  form  derived  from  a  verb  and  carries  with  it  the 
government  characteristics  of  the  verb.  The  preposition  object,  verb  master, 
and  object  predictions  that  are  made  by  verbs  can  also  be  made  by  participles 
The  coding  information  that  was  entered  into  the  dictionary  items  of  the 
verbs  was  also  entered  into  the  participle  items.  At  this  time  the  coding 
is  not  completely  utilized  and  a  preposition  object  is  not  predicted  by 
participles.  Studies  indicate  that  with  the  present  coding  only  12  of  the 
614  prepositions  would  fulfill  this  prediction  even  if  expanded  to  a  03  PSI. 
The  participle  followed  by  an  object  and  followed  by  a  verb  master  are 
illustrated  by  onpefleji^monDix  MCKOKoe  (Figure  26)  and  posBOJijromjie  BtmejiMTb 
(Figure  27) ,  respectively. 

An  unnecessary  programming  difficulty  has  been  caused  by  the 
government  coding.  In  a  participial  10-word  item  this  coding  is  not  located 
in  the  same  place  as  the  equivalent  coding  in  a  verbal  10-word  item.  The 
reason  is  historical,  since  participles  were  assigned  to  the  adjectival 
morphological  class  and  so  had  different  information  allocated  to  the  soaces 
assigned  to  verbal  government  coding.  In  the  future  this  should  be  taken 
into  account.  The  verb  and  adjective  morphological  formats  should  be 
correlated  and  uniform  government  coding  should  be  given  verbs  and  participles 
Just  as  verbs  and  participles  commonly  govern  objects  and  verb 
masters,  so  certain  normal  adjectives  and  nouns  govern  objects  and  verb 
masters.  (A  new  name  for  a  verb  infinitive  governed  by  a  noun,  adjective, 
or  adTOrb  is  needed.)  The  nouns  that  behave  in  this  manner  usually  have 
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originated  from  verbal  forms.  Such  a  noun  is  nontiTKa  in  the  phrase  nomiTKa 
ocymecTBMTb  MMCjib  (Figure  28) .  The  "P9"  code  indicating  verb  master 
government  is  in  vjord  S. 

The  phrase  of  Figure  2,  no^obHtie  airreHHbie  cucTeMLi,  contained  an 
adjective,  no^iodHtie,  that  was  marked  to  predict  a  dative  object  (’'P2'')- 
If  the  object  had  occurred,  it  would  have  had  to  precede  the  next  word  of 
the  basic  phrase  interrupting  the  analysis  of  the  basic  phrase.  Such  a 
dative  is  illustrated  in  HasBaxi.  EU^ejieHHtiii  uami  KJiaco  (Figure  29)  •  In  this 
phrase  the  participle  BtmejieHHHX  Is  used  adjectivally  as  an  object  and 
predicts  an  agent  (see  Part  43)  prior  to  predicting  a  master.  The  pronoun 
KSMiT  fulfills  the  agent  prediction  before  the  noun  kjiecc  fulfills  the 
adjectival  master  prediction. 

The  objects  of  an  adjective  or  of  a  participle  used  adjectivally 
must  precede  the  master.  Therefore,  whenever  an  adjective  or  participle 
used  adjectivally  predicts  objects,  the  predictions  are  placed  at  the  top 
of  the  pool.  An  end-wipe  sentinel  follows.  0.ily  then  are  the  master  pre¬ 
diction  and  a  second  end-wipe  sentinel  placed  in  the  pool.  In  this  manner 
the  object  predictions  are  fulfilled  before  the  master  prediction  in  the 
event  of  several  intersections,  and  if  the  object  predictions  arc  not 
fulfilled  the  end  wipe  ensures  that  no  trace  of  the  predictions  remains  in 
the  pool.  Once  the  r.aster  is  fulfilled,  the  objects  of  the  adjective  cannot 
occur  agaii.. 

The  object-master  ordering  in  the  prediction  pool  is  worthy  of  fui'ther 
coiisidera-icn .  Although,  on  the  one  hand,  the  object  must  be  placed  first 
since  it  .must  be  fulfilled  first,  on  the  other  hand,  if  the  alternative 
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arguments  of  a  word  fulfill  both  an  object  and  the  master  prediction,  the 
correct  intersection  is  a.lmost  always  the  master.  Yet,  by  this  order  in 
the  pool,  the  object  is  identified  and  the  master  placed  in  hindsight.  Two 
such  intersections  occur  with  the  alternative  arguments  of  objiacTU  and  the 
dative  object  prediction,  and  the  locative,  singular,  and  feminine  master 
prediction  of  sa^aHHOM  in  the  phrase  b  saflaHHOM  objiacTM  npocTpancTBa 
(Figure  30)*.  For  such  an  occurrence,  an  override  procedure  has  been 
established  whereby  the  master  intersection  is  chosen.  Although  this  results 
in  a  correct  analysis  as  the  example  illustrates,  it  is  an  ad-hoc  procedure 
in  the  predictive  analysis  program.  No  harm  results  if  the  object  inter¬ 
section  is  chosen  because  the  master  prediction  has  a  01  PSI,  and  a  wiped 
01  PSI  prediction  is  a  clear  error  indication.  Any  procedure  that  is 
essential  to  the  syntactic  analysis  of  Russian  will  be  added  to  the  program. 
However,  in  an  effort  to  provide  a  simple  and  elegant  analysis  technique, 
nonessential  procedures  such  as  the  master-object  override  should  be 
omitted . 


C.  Agents 

The  agent  prediction,  made  concurrently  with  object  predictions, 
may  be  fulfilled  only  by  a  basic  phrase  in  the  instrumental  case.  An  agent 
noun  phrase  indicates  the  means  or  agent  by  vMch  the  action  expressed  by 
a  verb,  participle,  or  verbal  noun  is  accomplished. 


*  A  "bug"  in  the  experimental  program  appears  in  this  and  several  other 
following  illustrations.  Some  agent  predictions  are  erroneously  being 
predicted  with  01  PSI.  Thus,  if  the  prediction  is  wiped,  a  record 
appears  on  hindsight.  All  agent  predictions  should  be  made  with  03  PSI. 
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Coding  to  distinguish  agent  government  from  object  government  does 
not  exist  in  the  dictionary  items,  so  it  is  necessary  to  interpret  certain 
instrumental  object  codes  as  agent  codes.  A  general  set  of  rules  has  been 
adopted  to  detect  potential  agent  predictions  fairly  accurately.  Verbs  that 
are  reflexive  and  would  normally  (i.e.,  when  nonreflexive)  take  an  accusative 
object,  participles  which  are  passive  or  reflexive  and  would  normally  take 
an  accusative  object,  and  verbal  nouns  (which  belong  to  morphological  class 
NIO)  which  are  marked  to  take  an  instrumental  object  are  all  marked  by  a 
program'*^  just  prior  to  the  syntactic  analysis  program  so  that  an  agent  can 
then  be  predicted.  An  ‘'R4''  is  placed  in  the  appropriate  place  in  the  10-word 
item  as  an  identifying  mark. 

Three  examples  serve  to  indicate  the  three  situations  when  agents 
are  expected  to  occur.  ObmeruaeTCH  cimxeHneM  (Figure  31)  is  an  example  of 
an  agent  of  a  verb.  The  following  two  phrases,  sanojiHeHHBK  flwejieKTpMKOM 
(Figure  32)  and  eanojiHeme  Bo;iHOBOzi;a  fluejieHTpuKOW  (Figure  33) ,  are  examples 
of  an  agent  governed  by  a  participle  and  governed  by  a  verbal  noun, 
respectively. 

Although  the  analysis  of  agents  usually  works  quite  well,  errors 
appear  on  rare  occasions.  One  error  is  represented  by  CTaHOBMTC#?  npaxTKiie ckh 
oflHopogHor  (Figure  34) ,  where  an  agent  is  predicted  because  the  present 
program  does  not  distinguish  the  copulative  verbs  like  ct ano but cb  which  take 
an  instrumental  object  but  not  an  agent.  The  only  exception  is  the  copulative 
verb  6yTb  (see  Part  4L'),  the  forms  of  which  are  distinctly  marked  and  are 
recognized  by  the  program.  .Another  error  which  appears  in  the  pnrase 

*  This  program  is  described  in  detail  by  Isenberg.^ 
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HasBiBaeMoro  KOMaH;^OM  (Figure  3(5)  is  due  to  a  legitimate  double  intersection. 
The  participle  HaetisaeMoro  takes  both  an  instrumental  object  and  an  agent 
as  indicated  b;'-  the  "P4"  and  ''R4"  in  word  8.  The  object  and  the  agent  of 
such  participles  can  often  be  distinguished  because  the  agent  v/ould  be 
expected  to  be  animate.  The  present  tests  do  not  provide  for  such 
soDhisticated  details . 

In  passive  constructions  an  agent  represents  the  logical  subject  of 
the  action,  and  in  such  cases  mould  appear  as  the  formal  subject  if  the 
construction  were  transformed  into  an  active  one.  However,  it  is  also 
possible  to  have  agents  (of  means)  in  active  constructions  such  as  in 
OH  pester  xjiefi  hoscom.  The  relation  of  verb  to  agent  and  verb  to  object  are 
quite  different  with  appropriate  differences  in  translation. 

0.  The  Verb  Byrfc 

The  various  forms  of  the  verb  6yTb  have  been  assigned  to  a  unique 
clavCs  to  facilitate  the  identification  of  verb  phrases  containing  a  form  of 
6yTb.  Every  fori,  of  dyrb  predicts  a  verb  master  as  does  any  other  verb. 

In  addition,  dyre  can  govern  a  verb  complement,  namely  a  short-form  adjective, 
and  either  a  nominative  or  instrumental  object.  The  three  predictions  of 
a  verb  master,  object,  and  verb  complement  are  made  mutually  exclusively  and 
the  object  prediction  has  a  21  PSI.  Examples  of  each  type  of  verb  phrase 
containing  a  form  of  Oyrt  are  provided  by  dy^er  HaxoflWTbCH  (Figure  36), 

6luio  nojioseno  (Figure  37),  ecTb  abb  AOKJiaAa  (Figure  38),  and  byrb  cTyAewrou 
(Figure  39).  KaxoAHTbcn  is  the  verb  master,  nomo*eHo  is  the  verb  complement, 
abb  AOKJiaAa  is  the  nominative  object  basic  phrase,  and  CTyAenroM  is  the 
instrumental  object. 
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In  Russian,  as  in  English  with  the  verb  "to  be,"  6yTB  can  be  followed 
by  a  predicate  adjective,  that  is,  an  ordinary  long-form  adjective  not 
followed  by  a  noun.  This  occurrence  is  not  taken  into  account  at  this  time 
and  the  master  prediction  made  by  such  an  adjective  is  marked  in  hindsight 
when  it  is  wiped,  as  in  the  phrase  MO*eT  6yTb  oueHb  ruioxMM  (Figure  40)  •  if 
an  adjective  fulfills  an  object  prediction  that  was  generated  by  a  form  of 
CyTb,  the  master  prediction  made  by  the  adjective  should  be  given  a  03  PSI. 

E.  Adverbs  and  Negated  Verbs 

Adverbial  forms  are  very  difficult  to  predict  since  there  are  no 
grammatical  characteristics  such  as  person,  number,  and  gender  that  can  be 
used  to  help  in  the  analysis.  Also,  an  adverb  usually  precedes  the  word 
modified  and,  of  course,  presents  a  situation  that  is  difficult  to  handle 
in  the  left-to-right  predictive  syntactic  analysis  program.  Because  of  these 
problems  adverbs  are  currently  accepted  by  infinity  whenever  they  occur. 

Adverbial  forms  are  often  homographic  with  conjunctions,  prepo¬ 
sitions,  and  short-form  adjectives.  Since  short-form  adjectives  can  be 
accepted  only  by  a  finite  prediction,  they  will  always  take  precedence  over 
the  ini’inite  adverb  intersection  by  means  of  the  override.  Prepositions, 
however,  are  usually  accepted  by  infinity  and  thus  with  adverb-preposition 
homographs  there  is  a  problem  of  choosing  which  intersection  to  make  first 
since  both  intersections  occur  witn  the  some  prediction.  The  same  argument 
is  used  here  as  with  the  adjective-noun  homograph  and  the  noun-verb  homograph; 
the  preposition  intersection  should  always  precede  the  adverb  intersection. 

The  preposition  makes  a  preposition  complement  prediction  with  a  01  PSI, 
whereas  the  adverb  maker  no  such  strong  prediction,  and  usually  makes  no 
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prediction  at  all.  Conjunctions  are  also  accepted  by  infinity,  and  since 
they  activate  several  predictions  with  01  PSI  (see  Part  6),  they  should  be 
accepted  before  adverbs. 

The  difficulties  involved  in  a  preposition- adverb  homograph  are  made 
clear  in  the  phrase  okojio  ;];Baflii;aTM  HayuHO-uccjieflOBaTejiBCKMX  opraHM3a4Mii 
(Figure  41) -  In  this  phrase  a  seemingly  correct  syntactic  analysis  can  be 
reached  with  either  interpretation  of  okojio.  The  possible  analysis  of  a 
preposition  complement  following  okojio  suggests  that  the  preposition  homo¬ 
graph  should  be  selected.  Of  the  instances  of  such  horaography  observed  in 
the  analyzed  texts,  the  correct  choice  has  almost  invariably  been  the 
preposition  homograph. 

With  the  adverb  syntactic  role  relegated  to  the  least  desirable  one, 
the  analysis  technique  is  subject  to  error  whenever  the  adverbial  homograph 
is  indeed  the  correct  one  to  be  selected.  The  sentence  iJopMajibHO^  ecjiM 
sajiaBaTbc^i . .  .ToqHO  TSK  see  npoTeKaioT  ...  (Figure  42)  contains  two  such  errors. 
The  first  word  $opuaj[bHo  is  assigned  the  role  of  predicate  head  rather  than 
the  role  of  an  adverb.  This  error  is  difficult  to  detect  because  such  a 
predicate  head  often  does  not  have  an  explicit  subject  (see  Part  5)  .  A 
second  similar  ei’ror  occurs  with  to^ho  which  is  selected  as  a  conjunction 
rather  than  an  adverb.  The  verb  npoTSKaicT,  which  fulfills  the  predicate 
head  prediction  of  the  supposed  subordinate  clause  introduced  by  touho, 
actually  should  fulfill  the  main  clause  predicate  head  prediction  previously 
fulfilled  by  (jopMajibuo. 

Predictions  are  currently  made  by  adverbs  fulfilling  several  familiar 
roles:  a  negative  (ho  and  hh,  although  the  latter  is  not  recognized  as  a 
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negative  at  this  time),  a  comparative,  and  a  subset  of  the  latter,  a  com¬ 
parative  used  as  a  predicate.  The  adverb  as  a  comparative  predicate  is 
mentioned  in  Part  5  and  as  an  ordinary  comparative  in  Part  8 . 

If  a  verb  normally  governing  an  accusative  object  is  negated  by  an 
immediately  preceding  negative  adverb,  the  verb  can  govern  either  a  genitive 
object  or  an  accusative  object,  although  not  both  together.  Since  the 
negative  adverb  occurs  before  the  verb  and  the  object  occurs  after  the  verb, 
it  is  necessary  to  transmit  the  information  from  negative  adverb  to  verb  to 
object . 

A  negative  adverb  is  accepted  by  infinity  as  any  other  adverb.  It 
makes  a  special  negative  prediction  that  can  be  fulfilled  by  a  verb, 
participle,  or  negated  adverb,  which  is  just  another  adverb  following  ne • 

If  the  negative  prediction  is  fulfilled  by  a  verb  or  participle,  a  distinctive 
mark,  an  "N"  in  character  position  10  of  word  8,  is  entered  into  the  10-word 
item  of  the  verb  or  participle.  The  testing  process  then  continues  but  the 
intersection  with  the  negative  prediction  is  not  recorded.  Thus  the  verb 
or  participle  can  fulfill  its  normal  prediction.  When  the  object  predictions 
of  the  accepted  verb  or  participle  are  made,  the  "N"  is  tested  for,  and  if 
present,  the  genitive  object  prediction  is  made. 

The  process  is  best  described  by  considering  an  example  such  as  the 
pair  of  sentences:  MaTeManiK  ne  xoTe;i  BM/i,eTb  OTBexti  (Figure  44)  and 
MareMaTOK  ne  xorem  BM;i,eTb  OTBexoB  (Figure  45)^'.  MareMaraK  is  identified  as 
the  subject  of  the  sentence,  after  which  ne  is  accepted  by  infinity  as  a 

*  In  typing  these  two  sentences  in  text  $  ,  Bi-^eTb  was  misspelled  Bnfler, 
resulting  in  an  incorrect  dictionary  output. 
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negative  advBrb.  A  negative  prediction  is  placed  at  the  top  of  the  new 
prediction  pool.  This  prediction  is  fulfilled  by  the  following  word,  the 
verb  xoTem.  The  negatrve  subroutine  places  an  "N'*  in  word  8  of  the  10-word 
item  of.  XOT0JI  but  does  not  register  a  success.  Instead,  the  analysis  proceeds 
■iP  if  there  had  been  no  intersection.  Xorsm  finally  fulfills  the  predicate 
head  prediction  and  is  marked  as  the  predicate  of  the  sentence.  From  the 
grammatical  unit  of  xoreji,  a  genitive  object  (''P5"  in  word  5),  an  end-wipe 
sentinel  and  a  verb  master  marked  with  an  "N"  in  the  grammar  word  are  pre¬ 
dicted.  The  "N”  is  placed  in  the  grammar  word  if  an  "N"  exists  in  character 
position  10  of  word  8. 

The  following  word,  BM^eTb,  is  an  infinitive  verb  that  fulfills  the 
verb  master  prediction  after  the  object  prediction  has  been  wiped.  Bw^eTt 
normally  predicts  an  accusative  object  ('’P3")»  A  genitive  or  accusative 
object  prediction  is  made  instead  when  the  "N”  in  the  grammar  word  is  tested. 
In  the  former  example  the  accusative  oTBexii  and  in  the  latter  example  the 
genitive  oTaeTos  fulfill  the  genitive  or  accusative  object  prediction. 

•The  accusative-genitive  ambiguity  is  illustrated  by  the  sentence 
OHa  He  xoTejia  xorrarb  (Figure  45)  •  The  reader  does  not  know  whether 

"she  did  not  want  to  read  the  book"  or  whether  "she  did  not  want  to  read 
books"  unless  the  context  of  the  sentence  is  known.  The  wiped  genitive 
object  prediction  in  this  illustration  is  due  to  the  "P5"  coding  in  the 
10-word  item  of  xorejia .  The  same  error  occurred  in  the  example  in  Figure  22. 

If  a  negative  prediction  is  fulfilled  by  a  second  adverb  following 
i-e ,  the  prediction  pool  is  updated  in  the  normal  manner  and  the  indicator 
that  a  negative  ad^^erb  had  occurred  is  lost.  This  is  desirable  since  in 
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the  structure:  ne  +  adverb  +  verb  +  object,  the  object  cannot  occur  In  the 
genitive  case  unless  the  verb  normally  can  govern  a  genitive  object. 

The  genitive  object  prediction  usually  caused  by  the  presence  of  a 
negative  adverb  preceding  a  verb  together  with  the  noun  complement  prediction 
often  cause  multiple  intersections  that  are  difficult  to  resolve.  A  classical 
example  is  indicated  by  the  sentence  uuTaiejib  He  Haider  b  cbopraiKe 
ciicTeMaTiiuecKoro  iiajioxeHiif?  reoptoi  m  rexHMKM  nojiocKosux  (Figure  46) . 

After  the  predicate  Ha^er  is  identified,  an  accusative  or  genitive  object 
prediction  is  placed  at  the  top  of  the  pool.  The  locative  prepositional 
phrase  b  cdopniiKe  ig  then  analyzed.  The  noun  cdopHMKe  leaves  a  noun  comple¬ 
ment  prediction  at  the  top  of  the  new  pool,  above  the  genitive  object  pre¬ 
diction.  Obviously,  any  genitive  adjective  or  noun  can  fulfill  both 
predictions  and  a  semantic  resolution  of  the  problem  is  required.  In  the 
sentence  in  the  example  the  situation  is  compounded  since  there  are  three 
places  in  the  sentence  where  the  ambiguity  exists.  Either  caicTeuaTiwecKoro, 
teopror,  TexHKKH,  or  rojiocKOBHX  could  be,  syntactically,  the  object  of  nafiaeT. 
Without  a  semantic  analysis,  all  possible  translations  would  have  to  be 
given.  The  resolution  is  obvious  only  to  a  trained  human  reader,  the  adjec¬ 
tive  CMCTeMaTJwecKoro  in  this  context  acting  as  the  object  of  ne  naiiaeT. 

The  prediction  pool  is  not  normally  updated  after  an  adverb  is 
identified.  Since  the  predictions  for  the  word  following  the  adverb  are  the 
same  os  the  predictions  when  the  adverb  was  identified,  the  entire  predicting 
cycle  of  the  program  is  skipped.  However,  since  a  negative  adverb  makes 
predictions  which  have  to  be  placed  at  the  top  of  the  pool,  the  predioting 
^ycle  is  not  skipped  after  a  He  and  the  pool  is  updated  in  the  normal  manner. 
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It  was  only  lately  noted  that,  with  the  exception  of  the  added  negative  pre¬ 
diction,  the  other  predictions  still  should  not  be  altered.  The  particular 
j/rcblems  ensuing  from  this  difficulty  are  illustrated  in  the  sections  on 
participial  phrases  (Part  6)  and  on  compound  structures  (Part  7) .  The  same 
argument  is  valid  for  any  other  type  of  adverbial  form  from  which  predictions 
are  made. 

5.  The  Components  of  a  Clause:  Subject  and  Predicate 

Only  several  simple  operations  in  the  predictive  syntactic  analysis 
program  have  been  used  to  analyze  the  structures  described  in  the  last  two 
sections.  In  all  cases  predictions  have  been  made  and  wiped  but  never 
modified  after  they  had  been  entered  in  the  pool.  The  modification  of  pre¬ 
dictions  is  the  main  additional  tool  utilized  to  analyze  the  main  components 
of  a  clause,  the  subject  and  the  predicate. 

Great  freedom  of  word  ordering  exists  in  an  inflected  language  such 
as  Russian.  For  the  analysis  of  any  given  clause,  no  a  priori  indication 
specifies  whether  the  subject  or  predicate  will  come  first.  Further,  the 
object,  which  is  usually  considered  part  of  the  predicate,  may  precede  the 
predicate  head,  the  first  word  of  a  verb  phrase  or  short-form  adjective 
phrase.  To  increase  the  effectiveness  of  the  predictive  analysis  technique, 
it  is  highly  desirable  to  recognize  the  subject,  predicate,  and  object  of 
a  clause  on  a  single  pass  regardless  of  the  order  in  which  they  occur. 

One  or  more  of  these  three  elements  might  not  occur  in  a  given 
cl  vase  or  might  be  implicit  due  to  the  construction  of  the  clause.  Clauses 
with  missing  components  will  be  considered  after  a  discussion  of  the  analysis 
of  clauses  containing  all  the  components. 
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A.  Clauses  with  an  Explicit  Subject,  Predicate  Head,  and  Object 

Of  the  six  possible  orderings  of  the  subject,  predicate  head,  and 
object,  four  have  been  found  among  the  sentences  of  the  six  analyzed  texts. 
They  are: 

(1)  subject  -  predicate  head  “  object; 

(2)  predicate  head  -  object  -  subject; 

(3)  object  -  subject  -  predicate  head; 

(4)  object  -  predicate  head  ~  subject. 

A  close  look  at  various  examples  has  shown  that  the  more  alternative 
arguments  in  the  subjects  and  objects  of  clauses,  the  more  likely  the  clause 
components  are  ordered  more  "normally."  In  a  short  sentence  with  no  subject- 
object  ambiguity,  all  six  orderings  are  possible:  a  BM»y  sac,  p.  sac  BH»y, 

BKxy  p  Bac,  BM»y  Bac  p,  sac  p  BKwy,  and  bsc  ayixy  p. 

If  the  object  of  the  clause  occurs  after  the  verb  predicate  head, 
the  object  can  be  identified  by  the  ordinary  object  prediction  generated  by 
the  coding  in  the  10-word  item  of  the  verb.  However,  if  the  object  precedes 
the  predicate  head,  a  prediction  must  be  inserted  into  the  pool  to  identify 
the  object.  To  distinguish  the  object  prediction  artificially  inserted  into 
the  pool  from  the  object  prediction  made  by  a  verb,  the  former  has  been  called 
a  left  object,  referring  to  the  position  of  the  object  to  the  left  of  the 
predicate  head  in  a  sentence.  This  prediction  can  be  fulfilled  by  an 
instrumental  or  accusative  basic  phrase.  For  programming  convenience,  two 
left  object  predictions  are  put  into  the  pool,  one  for  each  case.  The  order 
of  the  four  predictions  in  the  pool  is: 
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(1)  subject; 

(2)  left  object  (instrumental); 

(3)  left  object  (accusative); 

(4)  predicate  head. 

If  the  predicate  head  prediction  is  fulfilled  before  the  left  object  pre¬ 
dictions  ,  the  latter  are  wiped  from  the  pool  and  are  replaced  by  any  object 
predictions  made  by  the  verb  which  has  fulfilled  the  predicate  head  pre¬ 
diction.  Only  one  "object"  label  is  used  by  the  program  and  the  object  of 
a  clause  is  indistinguishable  from  any  other  type  cf  object,  such  as,  for 
example,  the  object  of  a  verb  infinitive  subject.  A  set  of  names  for  dis¬ 
tinguishing  different  types  of  object  should  be  instituted. 

Piost  clauses  have  the  subject  -  predicate  head  -  object  order  and 
are  typified  by  the  clause  mu  naxo^MM  secbMa  npocTO  Bbipaxeiroe  (Figure  47). 

In  this  example  the  nominal  pronoun  mu  is  selected  as  the  subject  since  it 
is  unambiguously  nominative  plural.  With  the  identification  of  the  subject, 
a  number  of  constraints  can  be  put  on  the  predicate  head  which  must  agree 
with  the  subject  in  person,  number,  and  gender.  The  grammar  words  of  the 
predicate  head  prediction  are  modified  so  that  only  a  first  person,  plural, 
and  masculine  or  feminine  predicate  head  can  fulfill  the  prediction.  The 
left  object  prediction  cannot  be  altered  since  no  new  information  regarding 
objects  can  be  obtained  from  a  subject. 

The  second  word,  the  verb  HaxoflHM,  is  an  indicative  verb  that 
fulfills  the  predicate  head  prediction  with  the  limitations  on  person, 
number,  and  gender.  The  verb  intersects  with  the  predicate  head  prediction 
and  is  accepted  as  the  predicate  of  the  clause.  The  two  loft  object  pre¬ 
dictions  are  now  wiped  from  the  pool  and  the  verb  makes  an  accusative  object 
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prediction  based  on  the  ’'P3"  in  word  5  of  the  10-word  item.  Becbua  is  an 
adverb  and  is  accepted  by  infinity  without  modifying  the  prediction  pool. 
IlpocTO  if’  a  short-form  adjective  that  can  be  used  predicatively  or  adverbi¬ 
ally.  The  predicate  head  prediction  is  no  longer  in  the  pool,  and  npocTo 
Can  be  accepted  only  as  a  second  adverb.  The  following  noun,  stpaxenMe,  is 
then  accepted  as  the  object  of  the  transitive  verb  naxo^MM. 

The  next  clause,  npaKTiwecKoe  ocynecTBrneroie  nojiocKOBtix  ysjiOB 
oTJUwaeTCK  bojiHuoil  npocTOTofi  (Figure  48) ,  illustrates  a  similar  order  with 
an  instrumental  rather  than  an  accusative  object.  Note  that  the  subject 
noun  phrase  consists  of  four  words,  npaKTwuecKoe  o cyme cTBJie Hue  nojiocKOBtix 
ysjioB,  but  only  the  first  word,  the  adjective  npaKTWuecKoe  which  fulfills 
the  subject  prediction,  is  responsible  for  the  modifications  in  the  predicate 
head  prediction.  After  npaKTMuecKoe  is  analyzed  the  predicate  head  is 
modified  so  that  only  a  third  person,  singular,  and  neuter  predicate  can 
fulfill  the  prediction. 

The  intersection  between  the  alternative  arguments  of  npaKXMuecKoe 
and  the  subject  prediction  is  not  unique  since  the  adjective  can  also 
introduce  an  accusative  basic  phrase  which  could  be  a  left  object.  This 
second  intersection  is  stored  in  hindsight.  Such  multiple  intersections 
with  the  left  object  prediction  tend  to  be  very  common  and  often  clutter  the 
hindsight.  There  is,  however,  really  no  alternative  as  occasional  errors 
occur  and  this  is  the  only  means  of  recognizing  them. 

•  The  two  clauses  just  described  indicate  the  necessity  of  initially 
predicting  both  an  accusative  and  an  instrumental  left  object.  Before  the 
verb  is  recognized,  no  guess  can  be  made  of  which  type  might  occur.  There 
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are  several  verbs  which  govern  genitive  or  dative  objects  in  addition  to  or 
instead  of  accusative  or  instrumental  objects.  A  procedure  for  the  identi¬ 
fication  of  dative  objects  exists  (see  Part  5C),  so  that  only  the  genitive 
object  preceding  the  verb  will  result  in  an  error.  The  only  example  found 
of  such  an  error  in  the  analyzed  texts  is  the  sentence  ona  Hiwero  ne  cKaesjia, 
which  was  illustrated  in  Figure  7. 

A  rare  verb  infinitive  subject  is  illustrated  in  the  next  clause 
B05«05!CH0CTfa  . . .  ecTb  dojibuiOM  ijjaT  ...  (Figure  49)  •  The  infinitive  subject 
limits  the  predicate  head  prediction  to  a  third  person,  singular,  and  neuter 
predicate.  There  are  two  errors  in  the  analysis  of  the  part  of  the  clause 
between  the  subject  and  the  predicate  head.  AuajMsoM  is  recognized  as  the 
agent  of  saKJiKHeHUF,  v/hereas  it  is  actually  used  as  the  agent  of  nposepHTb, 
an  active  construction.  The  program  also  cannot  recognize  the  postpositional 
adjectives  cTpori'TM  and  npocTbw.  The  lack  of  unique  object  symbols  is 
apparent  in  this  clause  where  both  BoswoscHOCTb  and  dombmof!  are  called  objects 
although  the  former  is  not  the  object  of  the  clause. 

A  large  number  of  clauses  have  the  object  -  predicate  head  -  subject 
order,  as  in  npe^KeroM  nacTOFmero  coobmeroiF  fejifctcf  anajiHa  (Figure  50)  . 

The  identification  of  the  noun  npe/twerow  as  the  left  object  provides  for  the 
modification  of  the  predicate  head  prediction,  so  that  only  a  predicate  that 
can  govern  an  instrumental  object  can  be  accepted.  With  two  mutually 
exclusive  left  object  predictions  in  the  pool,  the  intersection  witi:  one 
wipes  both  from  the  pool.  -After  the  noun  complement  basic  phrase  is  analyzed, 
the  verb  fejifctcf  is  tested,  providing  an  example  of  a  copulative  verb  that 
is  not  recognised  as  such  and  in  which  an  "R4"  agent  prediction  is 
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automatically  inserted.  However,  since  in  both  cases  an  instrumental  basic 
phrase  fulfills  the  prediction  and  such  an  instrumental  basic  phrase  has 
been  identified,  the  verb  is  accepted  as  the  predicate  head.  With  hejifctch 
as  the  predicate  head,  only  a  singular  subject  can  fulfill  the  subject 
prediction.  The  noun  aHa:m'i3  fits  the  description  and  is  accepted. 

Two  separate  left  object  predictions,  one  for  the  instrumental  and 
one  for  the  accusative,  are  not  necessary.  Just  as  multiple  intersections 
can  occur  with  object  and  preposition  complement  predictions,  a  combined 
instrumental-accusative  left  object  can  be  used  also., 

Another  interesting  order  is  shown  in  the  clause  flaer  OTseT 
cTaTHCTMuecKSF  TeopMfl  flMMyauM  (Figure  51)  where  both  the  subject  and  the 
object  follow  the  predicate.  Since  the  predicate  head  prediction  is  ful¬ 
filled  before  either  the  subject  or  left  object  predictions,  the  left  object 
predictions  are  wiped,  the  subject  prediction  is  modified  so  that  only  a 
third  person,  singular  subject  can  be  accepted,  and  a  new  accusative  object 
prediction  is  entered  into  the  pool.  The  noun  OTBer  that  follows  the  verb 
jX&et  intersects  with  both  the  accusative  object  prediction  and  the  modified 
subject  prediction.  The  first  intersection  is  with  the  new  object  prediction, 
so  that  "object"  is  chosen  as  the  syntactic  role  of  OTBer,,  The  following 
basic  phrase,  CTaTWCTUuecKaH  Teopnr,  is  unambiguously  nominative  and  can 
fulfill  only  the  subject  prediction,  and  in  the  process  justifies  the 
selection  of  oTner  as  the  object. 

One  other  example  completes  the  description  of  the  four  orderings 
found  in  the  analyzed  texts:  c.yf.m'apHyio  im-.p*;r!y , .  „  rm.!  Cyfl,eu  uasBinaTb  nDipuHOi; 
nojiocu  (Figure  52).  The  analy^jis  of  this  clause  contains  several  errors. 

The  particular  combination  of  errors  makes  it  seem  that  the  analysis  is 
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correct.  In  this  clause  the  object  precedes  the  subject  which,  in  turn, 
precedes  the  predicate.  Further  complication  arises  because  a  second  object 
follows  the  predicate. 

The  analysis  starts  correctly  with  the  identification  of  the  initial 
noun  phrase  cymapHyro  inupnay  oT^ejisHbcc  nojioc  as  the  accusative  lei't  object 
of  the  clause.  The  subordinate  clause  KOTopan  flaercA  li>op^yyJIOM  (2)  can  be 
neglected  for  the  purposes  of  the  present  exposition  (see  Part  6).  The 
predicate  head  prediction  is  modified  so  that  only  a  transitive  verb  can 
fuKill  the  prediction.  After  the  analysis  of  the  lef  object,  the  subject 
is  discovered  next.  Mm  fulfills  only  the  subject  prediction  and  further 
modifies  the  predicate  head  prediction  whereby  only  a  first  person,  plural, 
and  masculine  or  feminine  predicate  can  fulfill  it.  The  following  word,  the 
verb  by/ijCM,  erroneously  contains  a  "P3"  (accusative  object)  in  word  5  and 
thus  fulfills  the  modified  predicate  head  prediction. 

CF^f/iapHyra  uiwpMHy  is  actually  the  object  of  the-  verb  master  HasbiBaxb. 
If  byflew  did  not  have  the  "F3"  code,  the  analysis  would  fail  since  the 
program  does  not  contain  a  mechanism  to  analyze  a  clause  in  which  the  left 
object  is  the  object  of  a  verb  master  rather  than  of  the  predicate  head. 

(See  the  comments  in  Part  4  regarding  Figure  22.)  The  verb  nasbiBaTb  is 
correctly  coded  with  both  a  "13"  and  a  "F4"  to  indicate  that  it  can  govern 
both  an  accusative  and  an  instrumental  object  in  one  clause. 

Although  in  all  the  previous  examples  of  predicate  head  identifi¬ 
cation  indicative  verbs  fulfilled  the  predicate  head  prediction,  other  forms 
can  also  fulfill  this  prediction.  In  the  clause  bojihuiap  qacTb  cTareu 
iiocE^TueH?.  cnxcamim  (Figure  53),  a  short-form  adjective  nocepmena  fulfills 
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the  predicate  head  prediction.  Such  a  short-form  adjective  can  be  the 
predicate  head  regardless  of  the  person  of  the  subject.  In  the  current 
program,  however,  the  short-form  adjective  will  not  be  accepted  as  the 
predicate  head  unless  a  third  person  predicate  can  be  accepted.  (This 
restriction  is  not  likely  to  result  in  any  errors  since  in  scientific  texts 
the  probability  of  finding  a  short-form  adjective  used  predicatively  with 
a  first-  or  second-person  subject  is  almost  nonexistent.)  The  number  and 
gender  of  the  short-form  adjective  must  agree  with  the  subject.  Object 
predictions  are  made,  based  on  the  same  codes  that  are  found  in  verbs.  In 
adjectival  lO-word  items  these  codes  are  all  found  in  word  8. 

The  short-form  adjective- ad verb  homograph  is  not  always  used  pre¬ 
dicatively.  Particularly,  if  a  short-form  adjective-adverb  homograph 
precedes  a  verb,  the  short-form  adjective  is  selected  as  the  predicate  and 
there  is  no  prediction  in  the  pool  for  the  indicative  verb  to  fulfill.  ' 

This  problem  appears  in  the  clause  coOctbshho.  .  .npMxo/i;iiTCH  MueTb  (Figure  54)* 
CodcTBeHHO  belongs  to  a  class  of  words  that  are  either  short-form  neuter 
adjectives  or  adverbs  as  indicated  by  the  -o  ending.  The  predictive  analysis 
program  analyzes  codcTBenHo  as  the  short-form  adjective  predicate  head. 

When  np-ixoAOTCH  is  analyzed,  there  is  no  prediction  for  it  to  fulfill  and 
it  is  marked  an  arbitrary  choice .  This  type  of  error  is  not  difficult  to 
detect  since  an  indicative  verb  can  fulfill  only  a  predicate  Head  prediction. 
If  the  prediction  is  not  in  the  pool,  the  intersection  of  the  word  that 
previously  fulfilled  the  prediction  is  the  error. 

All  clauses  are  not  analyzed  so  easily  as  those  already  discussed. 

For  example,  in  <tH3MKa  m  rexHHKa  MHToptcoBajio  neyMeiDie  npouecca  (Figure -55), 
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^viswKa  M  TexHWKa  are  identified  as  the  subjects  of  the  clause  and  the  second 
intersection  with  the  left  object  prediction  is  noted  in  hindsight.  The 
predicate  head  prediction  is  modified  so  that  only  a. plural  and  feminine 
predicate  can  fulfill  the  prediction.  MHTepeoosajio,  however,  is  singular 
and  neuter  and  cannot  fulfill  the  predicate  head  or  any  other  prediction  in 
the  pool.  Obviously,  $M3MKa  m  TexHWKa  are  the  object  of  MHrepecoBajio,  and 
wayueHMe  is  the  singular  neuter  subject  desired.  This  type  of  error  would 
be  quite  easy  to  correct  by  an  error-correcting  program. 

B.  Glauses  with  Implicit  or  Missing  Components 

A  more  difficult  problem  than  the  recognition  of  errors  in  the 
analysis  of  words  in  a  clause  is  the  problem  of  knowing  when  a  seemingly 
essential  component  is  either  implicit  in  the  clause  or  need  not  be  present 
at  all. 

The  most  common  problem  is  the  missing  object  or  agent.  As  was 
mentioned  earlier,  the  government  coding  of  verbs  or  participles  has  been 
found  lacking.  One  aspect  not  mentioned  earlier  is  that  there  is  no 
distinction  between  required  and  optional  objects.  With  a  distinctive  code 
it  would  be  possible  to  give  01  PSI  to  i-equired  objects  and  03  PSI  to 
optional  ones.  The  verb  npocjie^wTb  in  the  clause  npocjieflMTb  sa  flBHxceHweM 
KaKOM-jmbo  MOJieKyjiti  (Figure  56)  should  make  an  object  prediction  with 
03  PSI,  so  that  when  the  and-wipe  sentinel  below  the  object  prediction  wipes 
the  object  prediction,  no  mention  is  made  in  the  hindsight.  As  the  program 
stands  now,  the  wiped  object  prediction  represents  an  error  in  analysis. 

No  attempt  to  look  for  errors  indicated  by  wiped  object  predictions 
is  contemplated  or  would  be  wise  until  a  detailed  study  of  the  object  coding 
in  the  dictionary  entries  is  carried  out. 
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An  optional  object  prediction  in  the  program  vi/ould  assist  in  resolving 
both  intersections  of  the  alternative  arguments  of  a  word  with  a  subject  and 
an  object  prediction.  In  the  clause  npoTeKaioT  m  flpyrMe  HBjieHUfl  (Figure  57), 
Apyrne  is  selected  as  the  object  of  npoxeKajor  instead  of  as  the  subject  of 
the  clause.  Eventually  the  subject  prediction  is  wiped  and  entered  in  the 
hindsight.  Under  present  circumstances  if  flpyrae  were  selected  as  the  subject, 
the  object  prediction  would  be  marked  in  hindsight  and  the  solution  of  the 
problem  would  not  be  obvious  to  the  program. 

Under  several  circumstances  the  explicit  subject  of  a  clause  can  be 
missing.  A  subject  is  always  implicit  if  an  impersonal,  such  as  mo'sho  in 
MOKHO  oij;eHMTb  yBjiMueHwe  (Figure  58),  is  used  as  the  predicate  hea(i.  When 
an  impersonal  fulfills  the  predicate  head  prediction,  the  subject  prediction 
is  wiped  from  the  pool  with  no  mention  made  in  hindsight. 

Two  types  of  predicate  heads  -  neuter,  singular,  short-form  adjectives 
and  first  person,  plural,  indicative  verbs  -  often  appear  without  explicit 
subjects.  When  nepeqMCjiKM  in  the  clause  nepeuMCjiMM  necKOjibKO  sa^aM 
(Figure  59)  is  analyzed,  the  subject  PSI  is  changed  from  01  to  03  so  that 
the  analysis  will  be  judged  successful  if  no  subject  is  found.  The  same 
action  should  take  place  with  the  neuter  short-form  adjective  predicate. 

The  short-form  adjectives  and  the  j.mpersonals  belong  to  very  similar 
classes.  In  a  number  of  cases  a  word  appears  in  the  dictionary  as  a  short- 
form  adjective-impersonal  homograph.  This  situation  is  entirely  unnecessary 
and  the  Impersonal  dictionary  entry  can  be  eliminated.  As  an  example  bm^ho 
in  the  clause  orcmfle  bmaho  (Figure  60),  has  three  homographs:  a  short-form 
adjective,  a  parenthetic  word,  and  an  impersonal.  The  impersonal  performs 
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no  useful  function  that  is  not  attributed  to  the  short-form  adjective  also, 
so  that  the  third  entry  is  redundant.  Parenthetic  words  are  presently 
treated  as  adverbs,  although  in  this  instance  the  adverbial  function  of 
BMa;KO  is  already  stated  in  the  short-form  adjective  dictionary  entry. 

One  last  predicate  form  that  does  not  take  an  explicit  subject  is 
the  verb  infinitive  used  as  a  predicate  after  ecjM  and  qrodBi,  such  as 
xapaKTepMSoaaTb  in  the  clause  uto6bi  xapaKTepMsOBSTb  KpaTKO  npMHujin  (Figure  6l) . 
Both  ecjiM  and  uTobti  make  special  infinitive  predicate  head  predictions  with 
00  PSI  that  can  be  fulfilled  only  by  verb  infinitives  following  the  con¬ 
junctions  and  separated  from  the  conjunctions  only  by  constructions  accepted 
by  infinity.  If  the  infinitive  predicate  head  prediction  is  fulfilled,  the. 
ordinary  subject  and  predicate  head  predictions  for  the  clause  are  wiped 
from  the  pool. 

G.  Indirect  Objects 

A  second  special  object  prediction,  the  indirect  object,  is  placed 
below  the  predicate  head  prediction  when  the  subject,  predicate  head,  and 
left  object  predictions  are  inserted  in  the  pool.  The  indirect  object  pre¬ 
diction  serves  to  identify  both  "datives  of  reference''  and  dative  indirect 
objects.  These  two  grammatical  constructions  are  shown  by  the  examples  in 
Figures  62  and  64,  respectively. 

To  analyze  a  dative  of  reference  or  a  dative  indirect  object,  the 
separate  indirect  object  prediction  is  needed,  since  this  prediction  can  be 
fulfilled  in  addition  to  the  regular  accusative  or  instrumental  object  pre¬ 
dictions.  The  indirect  object  prediction  viar  designed  as  a  catchall  for 
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all  unpredicted  dative  basic  phrases  that  might  be  considered  indirect 
objects  and  was  placed  under  the  predicate  head  prediction  so  that  it  would 
not  interfere  with  the  other  object  predictions.  Thus  an  intersection  with 
the  indirect  object  prediction  cannot  take  place  until  every  other  possi¬ 
bility  has  been  explored. 

This  approach  is  erroneous  as  several  examples  will  show.  The 
indirect  object  or  dative  of  reference  should  be  treated  in  the  same  manner 
as  the  accusative  or  instrumental  object  of  the  clause.  A  left  indirect 
object  that  is  a  counterpart  of  the  left  object  prediction  should"  be  intro¬ 
duced,  located  above  the  predicate  head  in  the  pool.  If  the  left  indirect 
object  prediction  is  not  fulfilled  when  the  predicate  is  found,  the  pre¬ 
diction  should  be  wiped  from  the  pool  with  the  same  mechanism  that  wipes 
the  left  object  prediction.  After  the  predicate  is  identified,  an  indirect 
object  prediction  can  be  placed  in  the  pool  below  any  other  predictions  made 
by  the  predicate . 

The  examples  that  follow  will  show  the  result  of  the  present  indirect 
object  prediction.  The  proposed  scheme  will  be  discussed  relative  to  these 
examples . 

The  dative  of  reference  which  fulfills  the  present  indirect  object 
prediction  would  usually  fulfill  the  left  indirect  object  prediction  under 
the  proposed  scheme.  The  clause  whs  Kaxercp  (Figure  62)  is  typical  of  this 
class.  The  dative  of  reference  precedes  the  predicate  head  and  no  subject 
of  the  clause  is  ever  found. 

The  identification  of  an  indirect  object  is  not  foolproof  due  to 
potential  multiple  intersections.  Eh  in  the  clause  eii  hjim  euy  dy^eT 
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xojiOflHo  (Figure  63)  can  fulfill  both  the  left  object  and  the  hypothetical 
left  indirect  object.  The  former  intersection  would  be  selected  and  the 
latter  would  be  entered  in  hindsight  since  instrumental  left  objects  are 
much  more  common  than  dative  left  indirect  objects.  Eventual  recognition 
of  the  error  would  provide  a  mechanism  for  selecting  the  second  intersection 
as  the  desired  one . 

If  the  dative  indirect  object  follows  the  predicate  head,  it  usually 
precedes  the  direct  object.  The  indirect  object  should  be  predicted  by  the 
predicate  head  at  the  same  time  as  the  direct  object.  The  coding  in  the 
dictionary  for  indirect  objects  is  usually  missing  and  an  end-wipe  sentinel 
intervenes  between  the  objects  predicted  by  the  verb  and  the  initial  pool 
if  the  indirect  object  is  identified.  The  analysis  of  the  sentence  ona 
irumeT  ewy  rrocbMO  (Figure  64)  is  typical  of  this  action.  Under  present  rules 
the  indirect  object  prediction  is  placed  below  the  predicate  head  prediction, 
such  that,  after  the  analysis  of  ona  as  the  subject,  the  prediction  pool 
would  be  ordered  as  follows: 

(1)  left  objects; 

(2)  predicate  head; 

(3)  indirect  obje't. 

The  identification  of  the  verb  nwmeT  as  the  predicate  head  would  wipe  the 
left  object  predictions  and  introduce  an  accusative  object  prediction: 

(1)  object  (accusative); 

(2)  end  vdpe; 

(3)  indirect  object. 
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EMy  cannot  fulfill  the  object  prediction  which  is  subsequently  wiped  by  the 
sentinel.  Even  though  euy  is  then  analyzed  as  the  indirect  object,  there 
is  no  prediction  left  for  nwcbMO  to  fulfill. 

Under  the  proposed  scheme  the  prediction  pool  after  ona  is  analyzed 
would  be: 

(1)  left  object; 

(2)  left  indirect  object; 

(3)  predicate  head. 

After  mnueT  is  analyzed  as  the  predicate  head,  the  pool  would  be: 

(1)  object  (accusative); 

(2)  indirect  object; 

(3)  end  wipe . 

Both  the  direct  and  indirect  object  in  the  pool  would  then  be  analyzed  by 
the  program. 

D .  Gaps  in  the  Analysis  Program 

Two  common  structures  are  not  yet  identified  by  the  predictive 
syntactic  analysis  program:  the  use  of  the  comparative  adverb  as  the 
predicate  and  the  use  of  a  complete  subordinate  clause  as  the  object. 

Both  these  structures  could  be  easily  introduced  by  means  of  modifications 
to  the  existing  tester  subroutines. 

The  former  oversight  is  illustrated  by  the  adverb  cjioscHee  in  the 
clause  CMMMeTpwHbie  nojiocKOBue  jimhmm  HecKojibKO  cjioxHee  HecmuMeTpMWHbix 
(Figure  65) .  CmoxHee  should  be  accepted  by  the  predicate  head  prediction 
just  as  a  short-form  adjective  can  be  accepted.  The  adverbial  alternative 
intersection  would  be  recorded  in  hindsight  in  the  event  of  error. 
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The  clause  ^to  fljinTejibHocTb  fioflKjuoueHWH  Kyjiom^ieTpoB  btuia  Bubpana 
(Figure  66)  can  be  identified  as  the  object  of  the  verb  master  OTMexHTb. 

Alt  has  pointed  out  that  uto,  hto6,  wto6bi,  and  kuk  are  conjunctions  that 
can  introduce  object  clauses.  These  conjunctions  should  be  linked  with  the 
appropriate  accusative  object  or  left  object  predictions  in  the  prediction 
pool  when  they  are  tested. 

6.  The  Identification  of  Clauses  and  Higher  Phrase  Structures 

To  identify  the  individual  more  complex  components  of  a  sentence, 
the  predictions  of  the  grammatical  constructions  in  the  different  components 
must  be  distinctly  marked  or  otherwise  isolated  in  the  pool.  The  various 
groups  of  predictions  are  separated  by  the  end-wipe  and  other  sentinels  that 
are  described  in  this  section. 

After  the  mechanism  necessary  to  identify  simple  sentences  has  been 
indicated,  the  comma  end-wipe  sentinel  will  be  considered.  Then  recognition 
of  subordinate  clauses  and  finally  of  higher  phrase  structures  follows. 

A.  Simple  Sentences 

It  is  fairly  easy  to  analyze  simple  sentences  in  predictive  syntactic 
analysis.  The  existence  of  all  the  main  components  of  a  simple  sentence  can 
be  hypothesized  before  the  analysis  even  starts.  A  set  of  initial  predictions 
for  a  subject,  left  object,  predicate  head,  and  indirect  object-  would  merely 
have  to  be  supplemented  with  an  end-of-sentence  prediction.  The  entire  pre¬ 
diction  pool  would  he  ordered  as  follows  (using  the  present  indirect  object 
prediction) : 
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(1)  subject; 

(2)  left  object; 

(3)  predicate  head; 

(4)  indirect  object; 

(5)  end  of  sentence. 

The  end-of-seritence  prediction  actually  serves  both  as  a  prediction 
and  as  a  sentinel.  Firet,  as  a  prediction,  it  can  be  fulfilled  by  a  period, 
semicolon,  or  any  other  punctuation  mark  that  signifies  the  end  of  a  sentence. 
A  semicolon  fulfills  the  prediction  since  in  Russian  it  usually  links 
syntactically  independent  complete  sentences  which  the  author  wishes  to  keep 
together.  Secondly,  as  a  sentinel,  the  end-of-sentence  pi-ediction  wipes  the 
prediction  pool  after  all  the  tests  for  intersections  have  been  completed. 

This  function  has  been  named  the  end-of-sentence  end  wipe.  If  there  has  been 
an  intersection  with  the  end-of-sentence  prediction,  the  sentence  is  complete 
and  a  check  must  be  made  to  determine  whether  any  predictions  which  have 
01  FSI  still  remain  in  the  prediction  pool.  If  any  are  found,  they  indicate 
errors  which  should  be  corrected.  The  present  mechanism  wipes  all  the  pre¬ 
dictions  in  the  pool  and  all  those  with  01  PSI  are  copied  into  hindsight. 

If  there  has  not  been  an  intersection  with  the  end-of-sentence  pre¬ 
diction,  then  the  sentence  is  still  incomplete.  At  this  point  the  program 
determines  whether  the  alternative  arguments  of  th.e  word  being  tested  have 
intersected  with  any  of  the  predictions  in  the  pool.  If  they  have,  the 
program  proceeds  to  the  predicting  cycle:  if  not,  then  the  word  is  an 
arbitrary  choice.  The  prediction  pool  is  completely  wiped,  all  predictions 
with  01  PSI  are  entered  in  hindsight,  and  the  chain  number  is  incremented 
to  point  out  this  type  of  error.  When  these  operations  are  completed. 
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control  is  passed  to  the  arbitrary  choice  tester  subroutine  thus  setting 
up  appropriate  conditions  for  the  predicting  cycle. 

In  a  program  which  could  automatically  correct  errors,  it  would  not 
be  necessary  to  perform  some  of  these  operations.  Arbitrary  choice  would 
give  sufficient  indication  that  the  forward  analysis  should  stop  and  that 
the  steps  should  be  retraced  until  the  error  was  found. 

B.  The  Comma  End-wipe  Sentinel 

Only  a  small  number  of  the  sentences  found  in  scientific  texts  are 
simple  sentences.  The  vast  majority  of  the  sentences  are  complex;  that  is, 
they  have  one  or  more  subordinate  clauses.  For  each  clause  in  a  sentence, 
a  new  set  of  subject  “  left  object  -  predicate  head  -  indirect  object  pre¬ 
dictions  has  to  be  introduced  into  the  pool.  The  more  clauses  in  a  sentence, 
the  more  sets  of  predictions  that  must  be  -handled  at  one  time.  These  sets 
of  predictions  must  be  kept  distinct  for  a  stable  analysis  to  evolve. 

\Thile  the  subordinate  clause  in  the  sentence  cryji,  na  KOTopoM  oh 
CM^ieji,  6bui  cjroMaH  is  being  analyzed,  the  adopted  nesting  hypothesis  allows 
none  of  the  predictions  of  the  main  clause,  remaining  in  the  pool  after 
cxyji  has  been  analyzed,  to  be  fulfilled.  Until  there  is  an  indication  that 
the  subordinate  clause  has  been  completely  analyzed,  there  is  no  point  in 
testing  for  the  predicate  of  the  main  clause.  The  end-wipe  sentinel  does 
not  help  solve  this  problem  since  the  scanning  of  the  prediction  pool  is 
not  affected  by  the  presence  of  the  sentinel.  The  end  wipe  does  not  dis¬ 
tinguish  between  the  predictions  of  the  dependent  clause  and  the  predictions 
of  the  independent  clause.  That  is,  whereas  the  end-wipe  sentinel  eliminates 
predictions  once  they  can  no  longer  be  fulfilled,  the  sentinel  is  of  no  help 
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in  inhibiting  the  testing  of  other  predictions,  such  as  the  predicate  head 
of  the  main  clause,  which  cannot  be  fulfilled  until  the  subordinate  clause 
has  been  completely  analyzed. 

Likewise,  in  the  sentence  Koraa  ona  yinjia,  oh  ceji  na  cTyji,  after 
Kor;;a  has  been  identified  as  a  conjunction  introducing  a  subordinate  clause, 
the  prediction  pool  contains  two  identical  sets  of  subject  -  left  object  ~ 
predicate  head  -  indirect  object  predictions .  Ona  and  yuuia  can  fulfill  both 
subject  predictions  and  both  predicate  head  predictions,  respectively.  The 
intersection  with  the  main  clause  prediction  is  wrong  in  both  cases  since 
the  subordinate  clause  must  be  completed  before  the  analysis  returns  to  the 
main  clause. 

To  isolate  sets  of  predictions  in  the  pool  and  to  inhibit  the  testing 
of  some  of  these  tests,  a  comma  end -wipe  sentinel  has  been  adopted.  This 
sentinel  is  inserted  beneath  all  the  other  predictions  for  a  clause.  The 
name  of  the  sentinel  implies  its  origin.  It  has  been  hypothesized  that 
subordinate  clauses,  as  well  as  certain  types  of  phrases,  are  isolated  by 
commas  from  the  rest  of  the  sentence  in  which  they  occur;  and  the  predictions 
for  a  new  clause  or  phrase  can  be  made  after  a  comma  has  been  analyzed. 
Actually  even  simple  prepositional  phrases  are  occasionally  separated  from 
the  rest  of  the  sentence  by  comirias,  as  in  the  sentence  agecb  HCKOMoe^  Kpoue 
caMsix  npocTSDc  cjiyuaeB,  onpe^ejiHeTCP.,  (Figure  67). 

In  Russian  writing,  the  rule  that  commas  separate  clauses  is  followed 
fairly  strictly.  Sentences  do  occur,  however,  in  which  the  commas  separating 
clauses  are  absent.  Only  one  such  sentence,  nouTw  bch  HacTOPmap  rjiaea 
6y;;eT..oM  TomfaKO  b  nocmemHeM  naDarpa4)e  mu  .  .(Figure  68),  has  been 
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discovered  in  the  analyzed  texts.  Whether  or  not  such  sentences  are  "good 
Russian"  is  an  academic  question  since  their  solution  will  be  necessary  for 
an  effective  syntactic  analysis  scheme.  When  such  sentences  are  handled 
by  the  predictive  analysis  program,  the  comma  end  wipe  must  be  introduced 
when  the  new  phrase  or  clause  is  detected .  At  that  time  perhaps  a  change 
of  name  of  the  sentinel  might  be  in  order'. 

Occasionally,  during  a  sentence  analysis,  it  is  known  that  a  deepest 
nested  phrase  or  clause  is  only  partially  identified  and  that  the  next  word 
must  belong  to  the  same  structure.  At  other  times  there  are  clues  that 
perhaps  the  deepest  nested  phrase  or  clause  has  been  completely  analyzed 
and  that  either  a  new  phrase  or  clause  might  start  or  the  analysis  might 
return  to  a  less  deeply  nested  grammatical  structure  that  was  only  partially 
analyzed  before  the  deepest  nested  phrase  or  clause  started.  Therefore,  the 
comma  end-wipe  sentinel  must  operate  in  two  modes,  which  have  been  named  the 
continue  clause  mode  and  the  end  clause  mode.  In  the  continue  clause  mode 
the  comma  end  wipe  inhibits  the  testing  of  the  predictions  located  below  it 
in  the  pool.  In  this  mode  the  prediction  pool  is  scanned  as  if  there  were 
no  predictions  located  below  the  sentinel.  (However,  the  predictions  below 
the  comma  end  wipe  are  retained  when  the  pool  is  updated.)  In  the  end  clause 
mode  the  sentinel  behaves  as  an  ordinary  end-wipe  sentinel  and  the  predictions 
below  the  comma  end  wipe  are  scanned  in  the  normal  manner. 

When  ona  from  the  sentence  Korfla  ona  yrama^  oh  ceji  na  cryji  is  being 
analyzed,  the  comma  end  wipe  should  be  in  the  continue  clause  mode  since 
there  is  no  question  that  the  subordinate  clause  is  currently  being  identi¬ 
fied.  In  contrast,  when  the  pronoun  oh  located  after  the  comma  is  being 
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analyzed,  the  sentinel  should  be  in  the  end  clause  mode.  At  this  time  the 
analysis  might  return  to  the  main  clause  (as  it  does  in  the  example),  might 
continue  with  another  deeper  nested  structure,  or  might  even  remain  in  the 
Same  clause.  The  latter  two  possibilities  are  illustrated,  respectively, 
by  the  sentences  Koriii;a  ona  yuuia,  oflerafl  b  hobok  uiybe  ^  oh  ceji  na  cryji  and 
Kor^a  ona  CTOHjia,  xo/^Mjia  hjim  berama,  ee  Kora  oojiejia. 

Since  the  basic  hypothesis  for  this  sentinel  is  the  assumption  that, 
in  Russian,  commas  separate  certain  phrases  and  clauses  from  the  rest  of  a 
sentence,  to  help  the  analysis  of  these  phrases  and  clauses,  it  is  natural 
for  the  comma  end  wipe  to  be  in  the  continue  clause  mode  at  all  times  except 
immediately  following  the  recognition  of  a  comma.  The  word  after  the  comma 
should  be  tested  with  the  sentinel  in  the  end  clause  mode.  The  analysis  of 
the  word  following  a  comiua  can  then  return  to  any  previous  depth  of  nesting. 
After  that  word  is  tested,  all  remaining  comma  end-wipe  sentinels  in  the  pool 
are  ret’urned  to  the  continue  clause  mode.  However,  if  the  word  after  the 
com.':, a  can  be  accepted  by  infiruty,  then  the  depth  of  nesting  cannot  be 
determined  until  after  the  infinite  construction  such  as  a  prepositional 
pjhrase  has  been  completely  analyzed. 

To  switch  from  the  continue  clause  mode  to  the  end  clause  mode  and 
■to  provide  for  the  analysis  of  an  infinite  construction  following  the  comma, 
the  comma  predicts  another  sentinel,  the  £ora:na  end-wipe  activator,  which  is 
placed  at  the  top  of  the  new  prediction  pool.  Thus,  when  the  alternative 
arguments  of  the  word  following  the  comma  are  tested  against  the  nredictions, 
this  sentinel  is  the  first  one  encountered.  The  comma  end-wipe  activator 
subroutine  temporarily  suspends  the  testing  cycle  and  scans  the  pool  for 
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comma  end-wipe  sentinels.  Every  one  found  is  switched  from  the  continue 
clause  mode  to  the  end  clause  mode.  The  comma  end -wipe  activator  subroutine 
then  tests  whether  or  not  an  alternative  argument  of  the  word  under  test  can 
be  fulfilled  by  an  infinite  prediction.  The  subroutine  checks  for  inter¬ 
sections  and  if  there  are  none,  the  comma  end-wipe  activator  is  wiped  from 
the  pool.  Control  is  then  returned  to  the  normal  operations  of  the  testing 
cycle .  The  change  back  to  the  continue  clause  mode  is  carried  out  within 
the  executive  routine  of  the  predictive  analysis  program  when  the  pool  is 
updated . 

If  the  word  following  the  comma  can  be  fulfilled  by  infinity,  the 
comma  end-wipe  activator  is  not  wiped.  Instead,  it  is  tested  during  the 
analysis  of  every  following  word  until  a  word  is  found  that  has  not  fulfilled 
any  prediction  when  the  comma  end-wipe  activator  is  tested.  Only  then  is 
the  comma  end-wipe  activator  wiped  from  the  pool  and  the  comma  end-wipe 
sentinels  finally  returned  to  the  continue  clause  mode.  While  a  comma  end 
wipe  is  in  the  continue  clause  mode,  a  word  is  labeled  an  arbitrary  choice 
if  it  cannot  fulfill  any  prediction  located  above  the  comma  end  wipe.  If 
such  an  event  takes  place,  all  the  predictions  above  the  comma  end  wipe  are 
wiped  from  the  pool.  However,  all  predictions  below  the  comma  end  wipe 
remain  unaffected.  Thus,  the  analysis  of  a  nested  subordinate  clause  might 
be  in  error  even  though  the  analysis  of  the  main  clause  can  be  carried  out 
correctly . 

C.  The  Subordinate  Clause 

Subordinate  clauses  fall  into  two  categories,  those  headed  by 
relative  pronouns  and  those  headed  by  conjunctions,  called  relative  conjunctions 
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to  emphasize  the  parallel  with  relative  pronouns.  If  a  subordinate  clause 
were  Introduced  only  by  a  relative  conjunction  and  the  conjunction  were  the 
first  Yiiord  of  the  clause,  the  mechanism  necessary  to  predict  subordinate 
clauses  would  be  quite  simple.  The  comma  would  make  three  predictions: 

(1)  comma  end-wipe  activator; 

(2)  relative  conjunction; 

(3)  comma  end  wipe. 

Ii  the  relative  conjunction  prediction  were  fulfilled,  the  syntactic  role 
would  make  the  necessary  subject,  predicate  head,  and  object  predictions 
for  the  identification  of  the  elements  within  the  clause. 

This  simple  scheme  is  inadequate  for  the  analysis  of  a  subordinate 
clause  with  a  relative  pronoun  or  a  conjunction  such  as  jm,  as  in  the 
sentence  oh  He  homkht,  BM^eji  jm  oh  ero^  where  the  conjunction  is  not  the 
initial  word  of  the  subordinate  clause .  In  the  clause  KOTopaw  npuHJiMaeTCH. . . 
(Figure  69)  the  relative  pronoun  KOTopas  both  introduces  the  clause  and  acts 
as  the  subject  of  the  clause.  If  only  the  first  function  of  KOTopap  is 
identified  when  the  relative  pronoun  is  analyzed,  then  the  subject  of  the 
clause  cannot  be  found  during  the  pass  through  the  sentence. 

The  following  technique  was  adopted  for  the  predictive  analysis 
program  to  circumvent  this  difficulty..  Both  a  relative  conjunction  and  a 
relative  pronoun  prediction  are  placed  in  the  pool.  Two  predictions  are  not 
necessary.  The  relative  conjunction  and  the  relative  pronoun  can  be  combined 
into  one  prediction.  9to  is  the  only  word  in  the  dictionary  at  this  time 
that  is  listed  both  as  a  relative  conjunction  and  a  relative  pronoun,  qro  , 
although  usually  used  as  a  relative  conjunction  as  in  the  sentence  oh  CKasaji, 
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UTO  OHa  flejiajia  cboki  pabory  (he  said  that  she  had  been  doing  her  work)  can 
also  be  used  as  a  relative  pronoun  as  in  the  sentence  oh  cxasaji,  hto  ona 
flejiajia  (he  said  what  she  had  been  doing)  . 

The  subject  -  predicate  head  ~  object  predictions  are  placed  in  the 
pool  at  the  same-  time.  To  forestall  testing  these  predictions  before  the 
existence  of  a  new  clause  has  been  established,  the  PSI  of  all  these  pre¬ 
dictions  are  made  inactive.  After  the  analysis  of  the  comma,  the  predictions 
to  analyze  subordinate  clauses  are  ordered  as  follows: 

(1)  comma  end-wipe  activator; 

(2)  relative  conjunction; 

(3)  relative  pronoun; 

(4)-(7l  subject,  predicate,  and  objects  (inactive); 

(8)  comma  end  wipe; 

(9'“')  (miscellaneous  old  predictions). 

Now,  if  either  the  relative  pronoun  or  relative  conjunction  pre¬ 
diction  is  fulfilled,  the  testing  of  the  pool  is  suspended  and  the  inactive 
predictions  located  below  the  relative  pronoun  are  activated.  If  KOTopap 
of  the  previous  example  KoxopaH  npHHUuaercp. . »  is  analyzed,  it  is  first 
identified  as  the  relative  pronoun  and  a  "K"  is  entered  in  word  9  as  an 
indication.  A  success  is  not  recorded  by  this  intersection,  so  that  KOTopap 
can  also  be  selected  as  the  subject  of  the  clause. 

If  the  clause  is  introduced  by  a  relative  conjunction  such  as  ecjn-i 
in  ecjoj  aonojiHKTejibHoe  3HaHne, (Figure  70),  the  relative  conjunction  pre¬ 
diction  is  fulfilled.  A  success  is  registered  in  the  normal  manner,  and, 
of  coiu’se,  the  activated  predictions  for  the  new  clause  remain  in  the  pool 
to  be  analyzed  during  the  testing  of  the  words  following  the  relative 
conjunction. 
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The  intersection  of  the  relative  pronoun  prediction  with  an  alterna¬ 
tive  argument  can  follow  the  identification  of  the  syntactic  role .  In  the 
analysis  of  the  clause  b  ochobb  KOTopoii  jiescMT  reopnH  (Figure  71) ,  the  comma 
end-wipe  activator  sentinel  is  not  wiped  from  the  pool  when  the  preposition 
B  is  accepted  by  infinity.  After  ocHOBe  is  analyzed,  the  prediction  pool 
would  have  the  following  predictions  of  consequence  at  the  top: 

(1)  noun  complement; 

(2)  comma  end-wipe  activator; 

(.3)  relative  conjunction; 

(4)  relative  pronoun. 

KoTopoM  fulfills  the  noun  complement  prediction  and  its  syntactic  role  is 
determined.  The  relative  pronoun  prediction  also  intersects  with  KOTopoi?. 

The  inactive  predictions  are  activated  after  which  the  testing  cycle  proceeds. 
No  further  intersections  are  recorded.  Although  the  new  clause  has  been 
positively  identified,  the  comma  end-wipe  activator  is  still  in  the  pool  and 
is  wiped  only  upon  the  analysis  of  the  subsequent  word,  the  verb  jiejKMT. 

One  last  example,  CBOMCTBa  KOTOptiX  onpeflejimTCP. » (Figure  72), 
illustrates  a  difficulty  that  cannot  be  resolved  on  a  single  lef t-to-right 
pass.  In  this  clause  the  subject  cBOKCTBa  precedes  the  relative  pronoun 
KOTOpbDc  that  acts  as  the  foun  complement  cf  cBoncTsa.  When  cBOMCTsa  is  being 
analyzed,  there  is  no  indication  that  a  new  clause  is  forthcoming  and  no 
intersections  in  the  pool  can  be  found.  The  necessary  clue  exists  only  in 
the  following  word. 

Although  this  difficulty  can  be  handled  by  use  of  an  error-detecting 
and  error -correcting  mechanism,  it  must  be  pointed  out  that  the  error  will 
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not  be  corrected  if  the  forwai'd  analysis  stops  after  the  arbitrary  choice 
has  been  labeled.  The  analysis  must  be  allowed  to  proceed  by  some  means  to 
identify  the  existence  cf  che  relative  pronoun.  Only  then  can  the  error- 
correcting  mechanism  be  put  intp  effect.  Otherwise,  the  analysis  will  try 
a  host  of  alternative  analyses,  none  of  which  will  be  correct. 

A  possible  solution  to  this  problem  and  the  problem  of  analyzing  a 
sentence  consisting  of  several  independent  clauses  separated  by  commas  has 
been  suggested  -  If  the  analysis  of  a  comma,  making  the  usual  set  of  pre¬ 
dictions,  fails  to  help  resolve  the  rest  of  the  sentence,  a  second  analysis 
of  the  comma  can  be  tried.  Thus  the  comma  must  fulfill  another  prediction 
by  infinity  which  is  normally  entered  in  hindsight.  Such  a  prediction,  the 
clauser .  has  been  created,  although  no  tests  have  been  made  of  its  effective¬ 
ness.  A  comma  accepted  as  a  clauser  predicts  the  necessary  subject, 
predicate  head,  and  object  predictions  with  active  PSI .  Also,  if  desired, 
a  relative  pronoun  prediction  which  can  be  fulfilled  after  the  subject  or 
object  predictions  might  also  be  predicted  if  a  comma  is  accepted  as  a 
clauser . 

D  .  The  Gerund  Phrase 

The  gerund  phrase,  like  the  subordinate  clause,  is  usually  isolated 
from  the  rest  of  a  sentence  by  commas.  The  initial  word  of  this  phrase  is 
always  a  gerund  and  can  be  analyzed  by  predicting  a  gerund  at  the  same  time 
as  the  relative  conjunction  and  relative  pronoun.  A  typical  example  of  a 
gerund  phrase  is  npespamapcb  b  aroMbi  flpyroro  ejisMema  (Figure  73)  .  The 
ordinary  predictions  made  by  verb?  are  sufficient  to  analyze  the  rest  of 
the  phrase. 
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The  gerund  phrase  and  the  subordinate  clauses  are  the  only  structures 
predicted,,  surrounded  by  commas,  with  no  syntactic  links  to  the  rest  of  the 
sentence  in  the  present  version  of  the  program.  These  are  therefore  the  only 
structures  to  be  predicted  by  the  comma.  The  first  few  predictions  made  by 
the  comma  in  the  present  program  are: 

(1)  comma  end-wipe  activator; 

(2)  gerund; 

(3)  end  wipe; 

(4)  relative  conjunction; 

(5)  end  wipe; 

(6)  relative  pronoun. 

Several  end-wipe  sentinels  have  been  inserted  between  the  predictions.  Thus 
the  gerund  prediction  is  wiped  if  a  new  clause  is  identified  and  both  the 
gerund  and  relative  conjunction  are  wiped  if  the  new  clause  contains  a 
relative  pronoun, 

E.  Initial  Predictions 

The  combination  of  predictions  for  a  clause  with  the  predictions 
made  by  the  comma  provide  the  set  of  initial  predictions  that  are  inserted 
into  the  prediction  pool  before  the  analysis  of  the  sentence  is  begun.  A 
main  clause  must  exist  in  every  sentence.  It  is  possible,  however,  that  a 
sentence  will  start  with  a  subordinate  clause  or  a  phrase  structure.  A 
prepositional  phrase  can  be  accepted  by  infinity  but  a  gerund  phrase  must 
be  predicted.  The  predictions  made  by  a  comma,  when  placed  before  the  pre¬ 
dictions  for  the  main  clause,  allow  this  type  of  sentence  to  be  analyzed. 

The  initial  prediction  pool  consists  of  eighteen  predictions: 
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(1)  comma  end-wipe  activator; 

(2)  gerund; 

(3)  end  wipe; 

(4)  relative  conjunction; 

(5)  end  vdpe; 

(6)  relative  pronoun; 

(7)  subject  (inactive); 

(8)  left  object  (instruni^ntal)  (inactive) ; 

(9)  left  object  ( accusative) (inactive) ; 


(10)  predicate  head  (inactive); 

(11)  indirect  object  (inactive); 

(12)  comma  end  wipe; 

(13)  subject; 

(14)  left  object  (instrumental); 

(15)  left  object  (accusative); 

(16)  predicate  head; 

(17)  indirect  object; 

(18)  end  of  sentence. 


(The  number  of  predictions  would  be  reduced  by  four  if  the  left  object  pre¬ 
dictions  were  combined  as  well  as  the  relative  conjunction  and  relative 
pronoun  predictions.) 

If  a  sentence  starts  with  the  main  clause,  none  of  the  first  eleven 
predictions  is  fulfilled.  They  are  all  subsequently  wiped  by  the  comma 
end-wipe  sentinel  which  has  been  put  into  the  end  clause  mode  by  the  comma 
end-wipe  activator.  But  :f  some  structure  other  than  the  main  clause  starts 
the  sentence,  the  last  six  predictions  are  held  in  abeyance  until  the  initial 
structure  has  been  fully  analyzed . 


F.  The  Participial  Phrase  and  the  Modifier 

The  participial  phrase  and  the  gerund  phrase  differ  in  the  predictive 
syntactic  analysis  technique  because  the  participial  phrase  is  predicted  by 
a  preceding  noun.  Subordinate  clauses  and  other  types  of  phrases  which  are 
not  now  syntactically  linked  to  the  rest  of  the  sentence  will  eventually  be 
handled  by  a  more  sophisticated  version  of  the  program.  The  distinction, 
at  the  present  time,  is  only  temporary. 
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Every  noun  predicts  a  modifier  that  agrees  with  the  noun  in  case  and 
number.  Due  to  the  nature  of  the  prediction  pool,  the  later  a  noun  occurs 
in  the  sentence,  the  closer  to  the  top  of  the  pool  is  the  modifier  prediction 
made  by  the  noun.  The  modifier  prediction  is  usually  fulfilled  by  a  parti¬ 
ciple  following  a  comma. ^  Thus  the  modifier  prediction  is  initially  given  a 
50  PSI  which  mades  it  inactive.  The  prediction  is  activated  by  the  comma 
end-wipe  activator  at  the  same  time  that  the  mode  of  the  comma  end  wipe  is 
altered .  In  this  manner  the  modifier  has  a  00  PSI  when  the  word  after  the 
comma  is  tested. 

Two  participles,  noMemennsie  b...  and  BcsHWKaiomMX  b...  (Figure  74), 
illustrate  the  modifier  prediction.  noMeineHHbie  fulfills  the  modifier  pre¬ 
diction  made  by  the  noun  CTSTm  and  activated  by  the  comma  betvjeen  the  two 
words.  Similarly,  BoaroiKaiomMX  fulfills  the  prediction  made  by  the  noun 
npodxeMax  and  activated  by  the  comma  following  the  noun.  Multiple  modifier 
intersections  are  common  since  every  noun  makes  a  modifier  prediction.  In 
the  phrase  BoeHMKawiuHX  npn...  (Figure  75),  the  participle  intersects  with 
the  modifier  predictions  of  the  nouns  aa^au  and  cxew.  The  former  intersection 
is  preferred  because  3aa,au  follows  cxew  in  the  sentence.  A  syntactic 
analysis  cannot  distinguish  the  relative  validity  of  "problem  arising..." 
or  "circuit  arising..."  although  the  choice  is  obvious  to  the  reader. 

The  present  test  for  modifiers  includes  tests  for  case  and  number 
but  not  for  gender.  This  is  an  oversight  since  a  true  modifier  must  agree  • 
with  its  antecedent  in  gender.  This  oversight  resulted  in  three  intersections 
between  the  alternative  argument  of  HaauDaeuoii  in  TfnsbiBaeMor  ko2;om  uncjia 


(Figure  76)  and  the  modifier  predictions  in  the  pool.  Modifier  oredictions 
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with  the  preceding  nouns  HanpxisceHMP,  riocjieflOBaTejibHOCTH,  and  BHfle  were  noted. 
Of  these,  only  the  intersection  with  nocjieflOBaTejibHocra  also  agreed  in  gender. 

The  modifier  prediction  has  accounted  for  the  analysis  of  other 
nonparticipial  modifiers  as  well.  Simple  adjectival  appositives  can  also 
fulfill  the  modifier  prediction  if  they  occur  after  a  comma.  The  phrase 
HeHyjiCHbK  perwcTpapMM  CMruajia  (Figure  77)  is  analyzed  as  an  appositive 
to  the  noun  uacTOT. 

The  modifier  prediction  is  troublesome  when  a  series  is  being 
analyzed.  If  this  series  consists  of  three  or  more  items,  so  that  commas 
are  used  to  separate  all  but  the  last  two  items,  these  items  are  selected 
as  modifiers.  Sometimes  the  items  in  the  series  agree  only  in  case  and 
not  in  number,  in  which  case  this  problem  does  not  arise.  Thus,  the  series 
$ojibrM,  HOKKJGj;  K  KJier  (Figure  78)  cannot  be  analyzed  as  modifiers  while  the 
series  'if''rbTpbij  HanpaBjieHHue  oTBeTUKTemn^  mdpMflme  cxewbi  h  T.n.  (figure  79) 

can  be  so  analyzed. 

An  idea  for  analyzing  a  series  has  been  suggested  but  only  partially 
tested.  A  comma  can  be  accepted  as  an' infinite  conjunction  (always  listed 
in  hindsight) .  In  this  way  a  set  of  items  separated  by  commas  and  agreeing 
in  case  can  be  linked  together,  using  the  compound  predictions  (see  Part  7). 
Until  error-correcting  routines  are  utilized,  this  approach  cannot  be  checked. 

The  modifier  prediction  is  particularly  affected  by  words  intervening 
between  itself  and  the  preceding  comma  because  of  its  00  FSI.  The  modifi- 
ca'^ion  of  the  prediction  pool  by  these  intervening  words  results  in  the 
modifier  prediction  being  wiped  from  the  pool.  The  most  common  instance  is 
when  the  participle  is  negated  by  the  adverb  He  as  in  ne  Bcrpeuaioma^iCK  b 
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cjiyyae  (Figure  80).  BcTpeqaiomaacfi  is  a  partieiple  that  should  fulfill 
the  modifier  prediction  of  its  antecedent  TpyflHOCTb.  A  solution  to  this 
problem  would  be  to  change  the  PSI  to  03  and  follow  the  modifier  prediction 
with  an  end-wipe  sentinel. 

Adjectives  and  participles  that  fulfill  modifier  predictions  make 
the  usual  set  of  predictions  even  though  a  participle  that  fulfills  a 
modifier  prediction  cannot  have  a  master.  A  distinct  example  of  an  errone¬ 
ously  fulfilled  master  prediction  occurs  in  the  clause  cooTBeTCTByiomux 
flecpTM  pasjEKUHHM  flajiBHocTBM  (Figure  81) .  lecBTM  is  actually  the  initial 
adjectival  numeral  in  a  numeral  basic  phrase  and  should  fulfill  the  dative 
object  prediction  generated  by  cooTBeTCTByioipx.  In  the  present  analysis, 
SiecFTW  is  selected  as  the  master  of  the  participle  and  the  dative  object 
prediction  is  wiped  from  the  pool  in  the  process.  The  following  word 
pasxHUHbiM  is  then  accepted  as  an  arbitrary  choice,  indicating  the  error. 

For  the  analysis  to  proceed  with  no  error  indication,  it  would  be  necessary 
for  the  adjectival  homograph  of  flecBTw  to  fulfill  the  object  prediction. 

7.  Compound  Structures 

Any  structure  from  individual  words  to  entire  clauses  can  be  com¬ 
pounded,  and  every  such  possibility  must  be  provided  for  in  the  prediction 
pool.  Four  coordinating  conjunctions,  m,  and  ho,  are  presently 

recognized  by  the  predictive  analysis  program.  A  compound  structure  might 
follow  any  of  the  four  conjunctions.  Such  a  conjunction  can  occur  at  any 
point  in  the  analysis  of  a  sentence  and  must  be  predicted  by  infinity.  The 
name  infinite  conjunction  has  been  assigned  for  this  purpose. 
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Since  a  compound  structure  can  occur  only  following  an  infinite 
conjunction,  a  mechanism  whereby  a  compound  prediction  cannot  be  fulfilled 
at  any  other  time  is  essential.  The  basic  tool  for  the  identification  of 
such  a  structure  is  the  inactive  prediction  (with  a  PSI  greater  than  49)  • 
Every  compound  prediction  is  marked  99  PSI,  which  is  reserved  for  this 
purpose  only.  This  prediction  cannot  be  tested  until  the  PSI  has  been 
changed  and  the  prediction  activated.  When  an  infinite  conjunction  is 
analyzed,  a  new  sentinel,  the  99- activator  is  placed  at  the  top  of  the  pool. 
llTien  the  99-activator  is  tested,  it  activates  all  the  compound  predictions 
by  changing  the  PSI  from  99  to  49.  The  99-activator  is  then  wiped  from  the 
pool  subject  to  the  same  restraints  as  the  comma  end-wipe  activator  (see 
Part  6) .  The  compound  predictions  remaining  in  the  pool  after  the  testing 
cycle  has  been  completed  are  restored  to  their  original  99  PSI  until  another 
infinite  conjunction  is  analyzed. 

In  predictive  syntactic  analysis  the  compound  structures  are  those 
segments  following  an  infinite  conjunction,  and  not  the  entire  string 
including  the  conjunction  and  the  segments  on  either  side. 

Virtually  every  analyzed  word  makes  some  type  of  compound  prediction. 
(Mention  of  the  compound  predictions  was  omitted  previously  in  this  section 
as  it  was  felt  that  consideration  of  them  would  have  complicated  the  de¬ 
scription  of  the  analyses  of  other  structures.)  Compound  predictions  that 
can  no  longer  be  fulfilled  are  wiped  from  the  pool  in  the  normal  manner. 

Thus  the  number  of  compound  predictions  in  the  pool  at  any  rime  is  usually 
significantly  less  than  the  number  of  analyzed  words  in  a  sentence. 
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A.  Predicting  with  Compounding  Conjunctions 

A  simple  example  of  the  compound  analysis  process  is  illustrated 
by  the  phrase  Ha  HabmtOfleHKKx;  h  cBM;!^eTejibCTBax  (Figure  82) .  The  noun 
HadjiiofleHMfOc  is  analyzed  as  the  preposition  complement.  As  a  noun, 

Ha6jiK)ii;eHMflx  predicts  (l)  a  noun  complement,  (2)  an  inactive  modifier,  and 

(3)  an  agent  as  directed  by  the  "HA"  in  word  8.  Because  the  syntactic  role 
of  the  noun  is  preposition  complement,  two  additional  predictions  are  made: 

(4)  a  compound  preposition  complement  in  the  locative  case  with  99  PSI  and 

(5)  an  end-wipe  sentinel.  The  sentinel  will  wipe  all  these  predictions 
that  are  not  subsequently  fulfilled. 

The  following  word,  the  conjunction  m,  does  not  fulfill  any  of  the 
first  four  predictions.  However,  Mis  accepted  by  infinity  and  the  end-wipe 
sentinel  does  not  wipe  the  predictions.  V/hen  the  prediction  pool  is  updated, 
the  noun  complement  is  wiped  and  a  99-activator  is  placed  at  the  top  of  the 
pool  which  now  is  ordered  as  follows: 

(1)  99-activator ; 

(2)  modifier  (50  PSi); 

(3)  agent; 

(4)  compound  preposition  complement  ( locative) (99  PSi); 

(5)  end  wipe; 

(6’*’)  (miscellaneous  old  predictions). 

The  alternative  argument  of  the  next  word,  the  noun  CBMm;eTejibCTBax, 
cannot  be  accepted  by  infinity,  so  that  the  99-activator  changes  all  99  PSI 
to  49  PSI.  The  99-activator  is  then  wiped  from  the  pool.  The  testing  process 
continues  and  the  alternative  argument  intersects  with  the  now  active 
compound  preposition  complement  prediction. 
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Compound  predictions  of  government  structures  arc  simpler  than  those 
of  agreement  structures.  As  v;as  shown  in  the  last  example,  the  compound 
preposition  complement  prediction  is  merely  another  prediction  of  a  basic 
phrase  in  the  same  case  as  the  preferred  argument  of  the  word  making  the 
prediction  ■.  The  compound  singular  and  plural  nouns  in  i/i.ieHbUMTt.  pasMepBi  h 
Eec  (Figure  83)  are  typical.  The  problem  of  predictions  which  must  agree 
in  number  arises  since  two  compounded  singular  words  are  equivalent  to  a 
single  plural  word. 

A  solution  to  this  problem  has  been  created  for  the  case  of  compound 
subjects  as  in  the  clause  oTcyTCTBwe  . .  .m  nocTOEHCTBO. . .  odecnetoiBaiTTcr. .  „ 
(Figure  34) •  The  analysis  of  oTcyTCTBwe  as  the  subject  causes  the  predicate 
head  prediction  to  be  modified  so  that  only  a  singular  neuter  predicate  cari. 
fulfill  the  prediction.  A  compound  subject  prediction  is  also  entered  in 
the  pool.  Ai'ter  being  activated  by  m,  the  compound  subject  prediction  is 
fulfilled  by  i;ocTorHCTBC.  It  is  now  necessary  to  modify  the  predicate  head 
prediction  a  second  time  so  that  a  plural  rather  than  a  singular  predic.,„tj 
fulfills  it.  ObecneuMEatTTCP  then  fulfills  the  remodified  nradlo.^.LO  head 
prediction . 


Although  o:iiy  compound  subjects  have  been  handled  i;.  this  !.e..:'.n,r  u-' 
to  no.v,  the  coiar;g:o  in  number  lias  to  be  considered  in  all  a~ro.'::,,r;it  pr  .  'iotions 
The  agreement  bot-./een  an  adji:Gtj.vo  and  its  master  is  anoth..':'  ar.uLj  T 


singular  adjocuve..  car.  have  one  plural  noun  master.  Conversely,  oliu’al 
adjecti--e  car,  be  followed  by  c  vo  singular  co.npounded  noun  r.astars  .  Althoag's. 
such  cases  are  rare,  :  evoral  examples  have  beeii  noted.  The  fic:-;  in.tanco 


is  illustrated  by  the  phrase  oii\a.;eTpuuHoro  n  HecMiaieTpwHoro  xmoa  (/a  ai-j  ot) 
the  secund  by  c'>o.i  c^OiC'CTi:.  n  nojio.'Keroie  (Figure  o6)  . 
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A  sentence  with  several  interesting  compounding  examples  is  illus¬ 
trated  in  Figure  87.  The  word  m  appears  four  times  in  the  sentence.  The 
compound  preposition  complement  and  compound  verb  complement  are  represen¬ 
tative  of  ordinary  government  compounding.  A  third  compound  structure  is 
the  pair  of  compound  prepositions  fljip.  (The  fourth  use  of  h  is  considered 
in  Part  7B.)  When  the  prepositions  are  compounded,  the  two  prepositional 
phrases  offset  each  other.  A  compound  preposition  is  presently  limited  to 
a  second  occurrence  of  the  identical  preposition  after  an  infinite  con¬ 
junction.  The  limitation  does  not,  however,  take  into  account  the  essential 
equivalence  of  the  prepositions  b  and  bo  and  of  o,  o6,  and  o6o.  Other 
prepositions  may  be  compounded  also.  Prepositions  should  be  divided  into 
groups  by  meanings,  e.g.,  prepositions  of  location  such  as  Ha,  nofl,  aa,  etc. 

A  preposition  belonging  to  one  such  group  could  compound  with  any  other 
preposition  of  the  same  group. 

Other  uninflected  forms  can  also  be  compounded  in  the  language . 

Compound  adverbs  do  not  exist  in  the  program.  A  rarer  compound  structure 
that  was  discovered  among  the  analyzed  sentences  was  the  compound  relative 
conjunction  hto  in  the  sentence  McnuraHKH  noKasajiM,  hto...,  m  hto... 

(Figure  £8) . 

3.  Infinite  Conjunction  Honiography 

Several  functional  difficulties  arise  because  the  infinite  conjunction 
is  homographic  with  the  adverb  m  and  also  the  relative  conjunction  h. 

When  M  is  used  adverbially  as  it  is  in  the  fourth  instance  cboproiK  h 
s  HacTonmeu. . .  (Figure  87),  the  word  following  h  ahoula  not  intersect  with 
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a  compound:  prediction,  an  adverb,  n  serves  as  a  stress  on  the  follov;in£, 
word  or  phrase.  Particularly,  since  the  English  translation  of  u  used  as 
an  infinite  conjunction  is  usually  "and,"  and  as  an  adverb  it  is  usually 
"also"  or  "even,"  the  analysis  progren  must  distinguish  between  the  two 
homographs . 

It  would  be  intererting  to  test  whether  or  not  an  infinite  ccnj unction 
can  be  identified  by  the  intersection  with  a  compound  prediction  by  the  word¬ 
following  the  infinite  conjunction.  The  test  would  require  that  all  other 
predictions  be  deactivated  ,;herj  the  99  P3I  predictions  are  activated.  If 
there  are  no  intersections,  the  analysis  of  the  infinite  conjunction  is  in 
error  and  must  be  corrected . 

Such  an  approach  v/ould  also  help  solve  a  presently  ambiguous 
situation.  That  is,  when  t/.c  nouns  are  compounded  by  an  infinite  con¬ 
junction  they  are  always  analyzed  correctly;  but  when  two  adjectives  are 
compounded  in  the  same-  ,ay  they  are  analyzed  in  a  different  manner.  The 
second  adjective  is  analyzed  ar  the  master  of  the  first.  ysjiOE  h  sjieweHTOB 
(Figure  89)  and  to  hjo-i  UHoe  paccTom'ie  (Figure  90)  reprosent  the  t./c 
possibilities.  The  dilibrcr.t  analyser,  result  from  the  different  predictions 
generated  by  nouns  and  t  ’  jcclivor  3y  t’ne  ti.  ie  th.it  smeMeHTOB  Ir  a.ii.lyzud  . 
the  noun  compiemnnt  pr'. die  tier.  :r..ido;  by  yajioa  is  no  longer  in  the  ;uol  ard 
the  compound  noun  cor.;.Ie  ..ent  pr-  .'ictio:;  is  the  first  prediction  f;lfijle.', . 

Ir;  contrast,  the  i.. aster  pi’cdi.-tion  generated  by  TO  is  above  the  compound 
preposition  complement  pi'ediction  ,hien  KHoe  is  analyzed.  The  compound 
preposition  compleix'nt  prudiction  intersection  is  tlius  listed  in  hir.dsight . 
Although  the  ambiguity  '.'light  n''i..sidored  genuine  iii  the  ]att-er  ca.'^e,  the 
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■soti^ound  syntactic  role  ehould  be  preferred  since  it  provides  more  infor¬ 
mation  about  the  syntax  of  the  structure. 

Such  an  approach  to  the  problem  would  help  to  solve  some  of  the 
residual  object  predictions.  Predictions  of  objects  of  adjectives  and  nouns 
occur  randomly  in  texts.  These  predictions  are  not  of  high  priority  but 
they  often  interfere  in  the  analysis  because  of  their  relatively  high 
position  in  the  pool.  A  test  whereby  the  word  after  an  infinite  conjunction 
could  be  fulfilled  only  by  a  compound  prediction  would  counteract  the  effect 
of  the  order  of  the  predictions  in  the  pool.  As  an  example  in  the  phrase 
c  jiyuraeii  flodpoTHOCTSK)  m  jiyunieii  OKpampoBKOM  (Figure  91),  flodpoTHOCTbio  predicts 
a  dative  object.  The  w  that  follows  sets  up  the  mechanism  for  activating 
the  compound  predictions.  The  mechanism  should  be  stronger;  only  a  compound 
prediction  is  really  being  looked  for  since  m  was  selected  as  an  infinite 
conjunction.  As  it  is  now,  the  object  prediction  is  above  the  compound 
preposition  complement  prediction  and  an  error  in  analysis  is  subsequently 
indicated  by  the  arbitrary  choice  designation  of  OKpaHMpoBKofi . 

A  second  prediction  pool  only  for  compound  predictions  has  been 
considered  recently  in  informal  discussions.  With  two  pools  it  would  be 
necessary  to  update  the  second  pool  every  time  the  first  pool  was  updated. 
Also,  compound  predictions  which  could  no  longer  occur  would  have  to  be 
eliminated  promptly.  Thus  both  pools  would  have  to  be  treated  in  parallel, 
and  their  distinction  would  become  completely  obscured. 

If  an  analysis  technique  whereby  an  infinite  conjunction  must  be 
followed  by  a  compound  construction  is  adopted,  it  is  necessary  to  remember 
that  the  first  adjective  of  a  compounded  pair  of  adjectives  will  not  have 


NSF-7 

September  1961 


1-85 


a  master.  This  desired  result  is  obtained  now  when  adjectival  numerals  are 
compounded  since  an  adjectival  numeral  (see  Part  3E)  is  not  recognized  as  a 
potential  numeral  master.  Thus,  in  the  phrase  OT  OflHoro  urn  HecKOJibKMX, . . 
i.Figure  92),  necKOJibKHX  is  recognized  as  only  the  compound  preposition 
complement  and  not  the  master  of  oflHoro.  In  the  process  the  master  pre¬ 
diction  generated  by  o/^Horo  is  wiped  from  the  pool  and  recorded  as  an  error 
in  hindsight. 

The  third  homograph  of  the  infinite  conjunction  -  adverb  -  relative 
conjunction  set  necessitates  still  another  form  of  analysis.  If  a  coordi¬ 
nating  conjunction  is  used  to  compound  two  entire  clauses,  the  coordinating 
conjunction  acts  as  a  relative  conjunction.  According  to  the  hypothesis 
that  commas  separate  individual  clauses,  such  a  situation  can  arise  only  if 
the  infinite  conjunction  immediately  follows  a  comma.  A  test  is  made  to 
check  whether  or  not  the  initial  clause  has  been  completely  fulfilled.  Since 
clauses  connected  by  infinite  conjunctions  are  independent,  the  initial 
clause  cannot  be  continued  after  the  second  clause  is  completed.  The  test 
of  a  completely  analyzed  clause  is  that  the  subject  and  predicate  of  the 
clause  have  been  identified  and  those  predictions  are  no  longer  in  the  pool. 
If  those  predictions  cannot  be  found,  a  relative  conjunction  intersection 
is  possible.  Such  a  situation  exists  in  the  sentence  ona  xorejia 
a  flpyme  npoAOJi^Kajm  roBoiOTb  (Figure  93) ■ 

Such  an  approach  is  not  without  inherent  dangers .  A  counterexample 
of  the  last  example  was  not  difficult  to  find:  the  sentence  b  cdopuMKe 
nouesieHa  ranxe  CTaTbr...y.  craTbp...  (Figure  94)-  The  h  immediately  follows 
a  comma  and  the  subject  and  predicate  head  predictions  of  the  clause  have 
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been  fulfilled.  M  is  taken  to  be  the  relative  conjunction  and  the  second 
clause  is  never  successfully  analyzed.  Since  no  predicate  head  can  be  found, 
the  analysis  should  be  able  to  select  h  as  the  infinite  conjunction  and 
treat  the  second  cxaTSH  as  the  compound  subject  of  the  initial  clause. 

8.  Miscellaneous  Constructions  Analyzed  by  the  Predictive  Analysis  Program 

Previously  in  this  paper,  various  grammatical  rules  have  been  grouped 
into  classes.  Several  of  the  rules  in  the  program  do  not  fit  into  these 
classes  and  will  therefore  be  discussed  separately  here. 

A.  The  Comparative  Adverb  and  qew 

A  comparative  adverb,  like  a  negative  adverb  (Part  5),  can  make 
predictions,  since  it  is  followed  by  a  noun  phrase  or  a  clause.  To  analyze 
the  construction  that  follows  the  comparative  adverb,  a  comparative  comple¬ 
ment  is  predicted .  This  prediction  can  be  fulfilled  by  a  genitive  basic 
phrase,  the  conjunction  yew,  or  a  comma. 

The  use  of  the  genitive  basic  phrase  as  a  comparative  complement  is 
illustrated  in  the  sentence  bbi  ua  rpw  ro^a  crapme  Moero  flpyra  (Figure  95)  » 

The  comparative  adverb  is  used  as  the  predicate  in  this  sentence,  a  con¬ 
struction  that  the  predictive  analysis  program  does  not  yet  recognize 
(Part  6) .  The  same  type  of  sentence  with  a  verbal  predicate  would  be  oh 
6tui  crapme  uoera  ^pyra. 

Whenever  the  comparative  complement  prediction  is  fulfilled  by  ueu, 
the  analysis  of  the  comparative  complement  structure  can  be  continued 
further.  A  distinction  has  been  made  when  a  comma  does  or  does  not  intervene 
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between  veM  and  the  comparative  adverb.  If  there  is  no  comma,  it  is  assumed 
that  the  phrase  following  weM  is  parallel  to  some  phrase  that  preceded  qew. 
Thus  ee  no/i;pyra  is  nominative  and  singular,  parallel  to  ona  in  the  sentence 
oHa  KpacMsee  tieM  ee  ^o;^py^a  (Figure  96)  .*  Here  too,  the  comparative  adverb 
is  used  as  the  predicate.  The  compound  predictions  are  utilized  to  predict 
the  parallel  construction  since  the  grammatical  information  contained  in 
the  compound  predictions  is  exactly  what  is  desired.  No  attempt  has  been 
made  to  change  the  name  of  the  syntactic  role  in  word  9  and  so  ee  noflpyra 
appears  as  a  compound  subject.  The  operation  to  identify  the  parallel 
construction  is  carried  out  by  placing  a  99-activator  (see  Part  7)  at  the 
top  of  the  pool  after  mbm  has  been  analyzed.  This  is  done  only  if  weu 
fulfills  a  comparative  complement  prediction. 

The  intersection  of  a  comma  with  a  comparative  complement  prediction 
is  meaningless  and  is  a  residue  of  an  earlier  attempt  to  account  for  the 
comma  that  can  intervene  between  the  comparative  adverb  and  ueu  such  as 
cjiabee ,  ueM...  (Figure  97).  A  qew  following  a  comma  is  presently  not  analyzed 
correctly.  This  could  be  overcome  by  allowing  the  comma  to  fulfill  some 
other  prediction  that  would  then  allow  the  comma  to  carry  forward  the  com¬ 
parative  complement  prediction  to  the  word  after  the  comma.  The  ueu  would 
then  make  the  suitable  predictions  for  either  a  parallel  basic  phrase  or 
for  an  entire  new  clause. 

The  genitive  basic  phrase  and  the  mom  can  both  follow  the  comparative 
adverb  in  the  same  sentence  as  in  the  clause  ...6ojiee  rpy^HOCTefi,  ueM.  • . 

*  The  "INCOMPAT  EE"  in  the  10-word  item  of  KpacMsee  means  that  the  stem 
KpacMB-,  stored  in  the  dictionary,  is  listed  as  an  adjective  but  that 
the  affix  -ee  is  an  adverbial  and  not  an  adjectival  ending. 
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(Figure  98) .  The  present  analysis  program  can  identify  only  one  comparative 
complement.  By  having  two  separate  predictions  made  which  could  be  ful¬ 
filled  independently,  a  structure  as  illustrated  in  Figure  98  could  be 
correctly  analyzed. 

B.  Parenthetic  Comments 

A  set  of  sentinels  has  been  developed  to  separate  predictions  in 
the  pool  which  refer  to  different  phrase  and  clause  structures.  The  most 
obvious  use  of  such  sentinels  is  to  isolate  predictions  of  structures  that 
are  explicitly  isolated  in  the  sentence  itself,  A  pair  of  parentheses  and 
a  pair  of  quote  signs  are  the  most  common  symbols  used  to  isolate  structures . 

A  pair  of  dashes  is  also  commonly  used  in  Russian. 

Since  a  parenthetic  comment  can  occur  anywhere  in  a  sentence,  a  left 
parenthesis  can  be  predicted  only  by  infinity.  The  analysis  of  a  left 
parenthesis  precludes  the  continuation  of  the  analysis  of  the  rest  of  a 
sentence  until  a  right  parenthesis  has  been  identified.  This  is  achieved 
by  predicting  a  right  paren  end  wipe.  This,  like  the  end-of-sentence  pre¬ 
diction,  is  a  combination  prediction  and  sentinel.  Only  a  right  parenthesis 
can  fulfill  the  right  paren  end  wipe,  and  the  testing  of  the  prediction  pool 
cannot  go  beyond  the  right  paren  end  wipe.  Thus  the  right  paren  end  wipe 
deters  the  testing  of  the  older  predictions  until  after  the  analysis  of  the 
right  parenthesis  which  causes  the  prediction  sentinel  to  be  wiped  from  the 
pool.  In  the  clause  pacwex  sjieKTpwuecKwx  napaMerpoe . .  .b  hmx  (Figure  99), 
the  parenthetic  series  (xapaKTepucTMuecKoro  conpoTMBJieHUfl,  saTyxaHMn,  m  r.n.) 
does  not  interfere  with  the  analysis.  After  the  comma  outside  the  parentheses. 
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the  predictive  analysis  program  tests  the  old  predictions  and  identifies 
"napaMeTpoBHeoflHcpoflHocTeii"  as  the  compound  noun  complement  of  napai-ierpoB 
or  nojiocKOBtix  jmhhm,  a  choice  that  can  be  resolved  on  semantic  grounds  only. 
The  compound  noun  complement  is  not  a  real  word,  but  is  the  result  of  a 
typographical  mistake  where  two  words  napaMerpoB  and  HeoflHopofliucTeK  have 
been  run  together.  This  example  is  still  the  best  one  in  the  analyzed  texts. 
It  indicates  the  effect  of  the  right  paren  end-wipe  sentinel  since  the 
compound  predictions  from  the  words  within  the  parentheses  are  no  longer  in 
the  pool  to  intersect  with  the  alternative  arguments  of  the  pseudoword . 

By  the  present  program,  the  analysis  of  the  structure  within  the 
parentheses  is  incomplete.  The  structure  can  exist  as  one  of  three  types: 

(1)  it  is  syntactically  unrelated  to  the  sentence  (as  in  the  example); 

(2)  it  can  be  predicted  in  the  normal  manner  since  it  is  a  part  of  the 
sentence  (as  the  parenthetic  comments  in  this  sentence);  or  (3)  it  is  a 
complete  sentence  in  itself.  Under  the  present  scheme  if  a  word  cannot  be 
analyzed  by  the  predictions  located  above  the  right  paren  end  wipe,  it  is 
categorized  as  an  arbitrary  choice.  This  crude  approach  is  adequate  only 
for  parenthetic  structures  of  the  first  type.  More  commonly,  the  parenthetic 
structure  is  a  participial  or  prepositional  phrase  and  the  parentheses  are 
equivalent  to  a  set  of  commas.  The  equivalence  holds  also  if  the  parenthetic 
structure  is  an  entire  clause,  either  dependent  or  independent.  This 
equivalence  can  be  utilized  to  further  the  analysis  of  parenthetic  con- 
structj.ons . 

The  identification  of  parenthetic  structures  has  been  expeiimer.tally 
limited  to  actual  parentheses.  Other  symbols  that  serve  identical  purposes 
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can  be  recognized  with  the  same  predictions.  The  quote  signs  which  are 
spelled  out  'IjjQUOTE"  and  'iftllNQUOTE"  in  texts  analyzed  by  the  predictive 
analysis  program  (Figure  100)  are  one  such  set  of  symbols  and  the  two  dashes 
(Figure  101)  are  another.  The  quotes  are  ignored  in  the  analysis  since 
they  are  dollar-sign  items.  This  is  a  class  of  items  which  consists  of 
remarks  by  the  typists  who  prepare  texts.  A  "QUOTE"  and  an  "UNQUOTE"  are 
dollar-sign  items  because  the  typist  must  write  out  the  words  instead  of 
using  the  quotation-marks  symbol  (").  The  dashes  appear  as  missing  words 
since  they  are  considered  an  unknown  type  of  punctuation  mark.  The  dash  is 
not  as  accurate  an  indicator  of  parenthetic  remarks  as  the  parentheses  or 
quotes  since  it  can  be  used  for  other  purposes,  quite  often  singly  and  not 
necessarily  in  pairs. 

9.  The  Analysis  of  Complete  Sentences 

In  the  preceding  discussions,  the  predictive  syntactic  analysis 
program  has  been  dissected  into  minute  segments  which  have  been  treated 
individually.  With  such  an  approach  the  analysis  of  entire  sentences  has 
been  largely  neglected.  A  number  of  complete  sentences  have  been  illustrated 
among  the  examples.  Sentences  with  errors  in  their  analyses  appear  in 
Figures  5,  7,  21,  42,  46,  49,  61,  62,  67,  87,  88,  94,  96,  and  97.  The  types 
of  error  are  discussed  in  the  text.  Other  sentences  analyzed  correctly 
appear  in  Figures  13,  19,  38,  43,  44,  45,  and  90.  Both  successfully  and 
unsuccessfully  analyzed  sentences  have  been  included  to  give  some  feeling 
of  the  present  power  and  potential  value  of  the  predictive  analysis  program. 
The  reader  should  be  able  to  reproduce  tha  analysis  of  complete  sentences, 
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as  well  as  the  analysis  of  any  sentence  segments  from  other  figures,  with 
the  complete  set  of  rules  given  in  Appendix  A. 

Another  set  of  complete  sentences  analyzed  by  the  program  have  been 
included  (Figures  102-112).  These  sentences,  taken  from  texts  OOH  and  OOK, 
are  interesting  examples  analyzed  by  the  existing  program.  Of  the  eleven 
sentences,  only  the  three  in  Figures  102,  104,  and  108  have  been  analyzed 
correctly.  Various  errors,  both  automatically  detected  and  undetected, 
exist  in  the  analyses  of  the  eight  other  sentences. 

Several  of  the  detected  errors  can  be  corrected  easily.  The  wiped 
numeral  master  prediction  originating  from  the  subject  oflHMM  in  the  sentence 
beginning  with  o;i;hmm  m  cpencTB...  (Figure  103)  indicates  that  ozi,hmm  should 
have  been  chosen  as  a  nominal  and  not  as  an  adjectival.  HoeTOwy  in  the 
sentence  noorohty  ocBoeraie  nojrocKOBtix  jiukmk  byger  03HaqaTB..o  (Figure  109) 
should  have  been  selected  as  an  adverb  instead  of  as  a  relative  conjunction. 
The  wiped  initial  subject  and  predicate  head  predictions  serve  to  indicate 
this  error.  The  error  in  the  verb  phrase  HaneceH  npoBo^pmefi  KpacKOM. . . 
(Figure  112)  has  been  made  quite  clear  by  the  wiped  object  master  prediction 
originating  from  the  adjective  npoBO^Hnef.  The  adjective  should  have  been 
selected  as  the  instrumental  agent  of  HaneceH  instead  of  the  genitive  object 
of  the  same  verb  complement. 

Although  two  subject  predictions  are  wiped  during  the  analysis  of 
the  sentence  oqeBHAHO,  hto  iiOAo6Ha.o  xe  sa^aqa  poaHXKaeT...  (Figure  106) , 
there  is  no  error  in  the  analysis.  The  predicate  head  of  the  main  clause, 
the  short-form  adjective  OMeBHii,HO,  need  not  have  an  explicit  subject;  and 
the  second  subordinate  clause  KorAa  HsyqaHrr  nfxnecc  Xi;wi:qecKCv  peaKmm  also 
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has  no  subject.  To  detect  that  the  latter  clause  is  correct  presents  a 
problem. 

The  sentence  containing  the  noun  phrase  soiipocaM  touhopo  m 
npMbjmsceHHoro  onpeflejienwF •  •  •  (Figure  105)  contains  a  "borderline”  error. 

This  sentence  raises  a  question  as  to  whether  m  should  be  translated  by 
"and,”  since  no  compound  prediction  was  fulfilled. 

The  sentence  in  Figure  110  contains  several  errors  of  the  type 
already  described  here.  MnorMe  is  analyzed  in  the  same  manner  as 
npMbmMKeHHoro  in  Figure  105;  and  KOTopoK  is  selected  as  an  adjectival  rather 
than  as  a  nominal,  as  was  o^hum  in  Figure  103.  A  third  error  in  this 
sentence  is  the  result  of  selecting  mjim  as  a  relative  conjunction  instead 
of  as  an  infinite  conjunction.  Teopwr  (word  280)  is  then  incorrectly 
selected  as  the  subject  of  the  new  clause  instead  of  the  compound  subject 
of  the  first  subordinate  clause.  However,  no  predicate  is  ever  found  and 
this  should  be  sufficient  information  to  reject  the  analysis. 

The  last  two  examples  in  Figures  107  and  111  contain  errors  which 
cannot  be  syntactically  detected.  In  the  clause  KaKMe  borartie  bosmokhoctm 
MoryT  iipe^cTaBKTb  i.ojiocKOBbie  jimhmm.  ..  (Figure  107),  the  subject  has  been 
selected  as  the  object  and  the  left  object  has  been  selected  as  the  subject. 
In  the  verb  phrase  nosBOJiflex  bo  mhobhx  crnyuaRX  snauxTejibHO  yueHBiuHTb 

pasMepti...  (Figure  111) ,  yueHHnwTb  is  selected  as  the  verb  master  of  cjiyuaax 
instead  of  the  verb  master  of  nosBojiBex.  Some  form  of  semantic  analysis  is 
required  to  resolve  both  these  problems. 

A  reader  who  wishes  to  study  the  analyzed  texts  abstracted  in  this 
section  may  obtain  upon  request  prints  of  the  entire  texts  OOH  and  OGK  as 
well  as  the  four  others  mentioned. 
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APPENDIX  A 

RULES  FOR  PREDICTIVE  SYNTACTIC  ANALYSIS 

The  set  of  grammatical  rules  which  are  represented  by  the  subroutines 

in  the  experimental  predictive  syntactic  analysis  program  are  presented  in 

this  appendix.  For  the  reader  to  simulate  the  actions  of  the  analysis 

17 

program,  he  needs  only  these  rules,  the  coding  manual,  and  a  sample  of 

text  material  that  has  been  looked  up  in  the  Harvard  Automatic  Dictionary 

21 

with  the  continuous  dictionary  run  program. 

The  rules  (and  subroutines)  have  been  divided  into  three  categories: 
predictors,  testers ,  and  sentinels.  A  different  format  is  used  to  describe 
each  of  the  three  categories. 

An  illustration  of  the  use  of  this  appendix  will  help  familiarize 
the  reader  with  the  technique.  Consider  the  process  when  a  subject  pre¬ 
diction  is  being  tested  against  the  alternative  argument  /noun,  nominative, 
singular,  masculine/  of  a  noun  such  as  cTyAenr,  the  first  word  in  a  hypothe¬ 
tical  sentence. 

The  reference  information  for  the  subject  tester  (prediction) 
indicates  that  the  subject  prediction  can  be  made  by  one  of  three  predictor 
subroutines:  initial,  comma,  or  clauser.  The  initial  predictor  makes  two 
subject  predictions,  one  active  and  one  inactive,  the  comma  predictor  makes 
an  inactive  subject  prediction,  and  the  clauser  predictor  makes  an  active 
subject  prediction.  The  subject  prediction  can  be  modified  either  by  the 
verb  predicate  head  predictor  or  by  the  adjective  predicate  head  predictor. 

The  testing  criteria  indicates  that  the  subject  prediction  can  be 
fulfilled  either  by  a  noun,  adjective,  participle,  numeral,  pronoun,  or  by 
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a  verb  infinitive.  The  formal  definitions  of  these  six  classes  can  be  found 
under  the  appropriate  predictor  headings  (i.e.,  noun  predictor,  adjective 
predictor,  etc.).  If  the  subject  prediction  has  been  modified  by  either  of 
the  predicate  head  predictors  there  are  further  limitations.  Then  the  subject 
prediction  can  be  fulfilled  by  a  verb  only  if  the  subject  tester  is  modified 
to  be  third  person,  singular,  and  neuter;  it  can  be  fulfilled  by  a  pronoun 
only  if  it  is  modified  to  be  in  the  same  person  as  the  pronoun;  and  it  can 
be  fulfilled  by  any  of  the  other  four  types  of  words  only  if  it  is  modified 
to  be  in  the  third  person. 

There  are  additional  tests  that  must  be  made  before  the  prediction 
can  be  fuKilled.  The  number  must  be  tested  where  applicable,  and,  of  course, 
the  case  must  be  nominative.  Wherever  appropriate  the  gender  is  also 
compared.  If  the  predicate  head  has  already  been  fulfilled  (and  the  subject 
prediction  modified)  character  position  3  of  the  second  grammar  word  has 
been  modified;  likewise,  if  the  subject  must  be  a  verb  (this  can  only  occur 
with  a  compound  subject)  character  position  2  has  been  modified. 

No  particular  action  outside  of  the  normal  testing  cycle  is  required 
wit}i  this  prediction.  The  mark  to  be  placed  in  word  9  of  the  analyzed 
10-word  item  is  listed  as  the  "syntactic  role  mark." 

With  the  suggested  example,  the  subject  prediction  is  fulfilled. 

CryfleHT  has  a  nominative  alternative  argument.  Since  CTyflenr  is  the  first 
word  of  the  hypothetical  sentence  the  subject  prediction  is  unmodified  and 
the  test  for  case  is  the  only  significaint  test. 

The  testing  cycle  now  proceeds  to  test  the  alternative  arguments  of 
CTyfleHT  against  the  other  predictions  in  the  pool.  The  syntactic  role  of 
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subject  is  given  to  cTyfleHT  in  this  example  since  the  intersection  just 
described  is  the  first  one. 

After  the  testing  cycle  has  been  completed,  new  predictions  are  put 
into  the  pool.  The  correct  predictor,  with  which  to  start  making  new  pre¬ 
dictions,  is  indicated  by  the  class  that  "fulfilled"  the  syntactic  role, 
i.e,,  the  noun  cTyfleHT. 

The  reference  information  for  the  noun  predictor  indicates  that  every 
word  with  an  "N"  in  character  position  1  or  a  "PN"  in  character  positions 
1  and  2  of  word  ^  of  the  10-word  item  makes  the  listed  predictions.  Among 
the  tester  subroutines  that  can  be  fulfilled  by  nouns  listed  next,  the 
subject  tester  can  be  found.  The  noun  predictor  subroutine  may  also  be 
called  in  by  a  previous  predictor  subroutine,  either  a  pronoun  or  a  numeral 
predictor. 

The  predictions  made  by  the  noun  predictor  are  listed  under  "action 
taken,"  The  dictionary  entry  of  cTy;i,eHT  does  not  have  any  object,  agent, 
or  verb  master  government  marks,  so  that  only  two  new  predictions  are  made, 
a  noun  complement  and  a  modifier.  Any  grammatical  information  needed  to  be 
stored  with  the  noun  complement  and  modifier  testers  is  listed  under  the 
headings  of  the  two  testers,  respectively. 

Since  cTyflenr  was  chosen  as  the  subject,  after  the  two  new  predic¬ 
tions  are  made,  a  second  predictor  subroutine,  the  adjective- nouri  subject 
predictor  must  be  called  in. 

This  second  predictor  subroutine  makes  two  more  new  predictions,  a 
compound  subject  prediction  and  an  end-wipe  sentinel,  and  the  new  pool  is 
headed  by  these  new  predictions  in  the  order  predicted:  noun  complement, 
modifier,  compound  subject,  and  end  wipe. 


1-98 


NSF-7 
September  1961 


The  adjective-noun  subroutine  also  modifies  the  predicate  head,  and 
in  this  particular  instance  marks  the  predicate  head  so  that  only  a  third 
person,  singular,  and  masculine  predicate  can  fulfill  the  prediction.  Since 
cTyfleHTwas  not  selected  as  the  compound  subject,  no  other  action  is  taken. 

There  are  no  other  predictor  subroutines  to  be  called  in  so  that  the 
old  prediction  pool  can  be  modified  and  re-inserted  below  the  four  new  pre¬ 
dictions.  The  subject  prediction,  having  been  fulfilled,  is  wiped  and  all 
the  remaining  old  predictions  are  appended  to  the  four  new  ones. 

With  the  creation  of  a  new  prediction  pool,  the  predicting  cycle  is 
complete  and  the  alternative  arguments  of  the  next  word  in  the  sentence  can 
be  tested  against  the  new  set  of  predictions. 

The  analysis  of  the  noun  cTyflenr  is  typical  of  the  predictive  syn¬ 
tactic  analysis  program.  Exceptions  to  the  procedure  just  outlined  are 
always  explicitly  marked  at  the  appropriate  places.  After  these  special 
actions  are  performed  control  returns  to  the  ordinary  testing  or  predicting 
cycle,  again  unless  specifically  indicated  to  the  contrary. 
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LIST  OF  SUBROUTINES 

Predictors  page 

Initial . 1-103 

Clauser . .  .  I-lOli 

Comma . I-109 

Noiin . 1-106 

Pronoun . 1-107 

Adjective . . . .  .  1-108 

Participle . I--109' 

Verb . . . I-llO 

Adverb . 1-111 

Negative . 1-112 

Negative  adverb  .  1-112 

Numeral . 1-113 

Numeral  master . T-1 1  )| 

Preposition . I-llii 

Gerund . 1-115 

Infinite  conjunction . 1-115 

Relative  conjunction,  ...  1-116 

CHEM  (msm) . 1-117 

Modifier . 1-117 

Object . 1-118 

Left  object . 1-119 

Indirect  object  .  1-120 

Agent . 1-120 
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LIST  OF  SUBROUTINES  (continued) 

Noun  complement 

Preposition  complement . 

Adjective-noun  subject, 

Pr-onoun  subject 

Verb  subject  ^ 

Verb  predicate  head, 

Adjective  predicate  head 
BYT'  (6rrh) 

Infinitive  predicate  head. 

Verb  complement  ,,,,,. 

Verb  master  . 

Preposition  object  .  . 

»— j . 

•  •  •  *  * 

Left  paren, 

•  *  . . 

End  of  sentence  ,  .  ,  , 


page 

1-121 

1-121 

1-122 

1-123 

I-12it 

I-12li 

1-125 

1-126 

1-127 

1-127 

1-128 

1-128 

1-129 

1-129 

1-130 


Testers 

Subject,  ,  ,  .  . 

Predicate  head  . 

Infinitive  predicate  head,  . 

Master  . 

Numeral  master 

*•••••# 

Verb  master  , 

Verb  complement  . 

Modifier 

Object  . 


.  1-131 

.  1-132 

.  1-133 

.  I-23h 
.  1-135 
.  1-136 
.  1-137 

.  1-138 

.  1-139 


NSF-7  I- 101 

September  1961 

LIST  OF  SUBROUTINES  (continued) 

page 

Left  object . I-lliO 

Indirect  object  ,  . . I-ll;l 

Agent . . . I-IJ42 

Noun  complement . I-li43 

Preposition  complement . I-li;it 

Chain  numeral . I-lii^ 

Negative  . . I-lii6 

Comparative  complement . l-lh7 

Preposition  object . I-ll|8 

Compound  preposition  . . I-lii9 

Gerund . I- 1^0 

Relative  conjunction  .  I-l5l 

Relative  pronoun . 1-152 

Infinity . 1-153 

Arbitrary  choice . 1-151^ 

End  of  sentence . 1-155 

Sentinels 

End  wipe . 1-156 

Comma  end  wipe . 1-15? 

End-of-sentence  end  wipe . 1-158 

(Right  paren  tester  subroutine) . 1-159 

Right  paren  end  wipe . I-I60 

Comm.a  end-wipe  activator . I-I60 

99-activator  .  I-lol 
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Summary  of  Prediction  Span  Indicators  (PSI)  used  in  Experimental  Predictive 

Syntactic  Analysis  Program 


00  The  prediction  must  be  fulfilled  by  the  next  word  or 
not, at  all. 

01  The  prediction  must  be  fulfilled  during  the  analysis 
of  the  sentence. 


02  The  prediction  can  be  fulfilled  more  than  once  and  is 
not  to  be  wiped  when  fulfilled. 


03 

20-23 

h9 

50-53,  70-73,  99 


The  prediction  may  be  fulfilled  at  any  time  but  need 
not  necessarily  be  fulfilled. 

Mutually  exclusive  predictions  (otherwise  identical 
to  00-03  PSI). 

Active  compound  prediction. 

Inactive  predictions  (activated  by  activator  sentinels). 


Summary  of  .A.bbreviations 


PSI 

Gpd 

M.F. 

CPx 


FWx 

TWx 

GWx 


Prediction  Span  Indicator, 
compound. 

mutually  exclusive. 

Character  position  (1  <  x  <  12) 


ij  5'6I7 


10 


11 


12 


Machine  word  of  analyzed  10-word  item  (0  <  x  <  9). 

Machine  word  of  unanalyzed  10-word  item  (0<  x  <  9), 

Grammar  word  (as  kept  in  experimental  program) 

(1  <  X  ^  3). 
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INITIAL  PHEDICTOR  SUBROUTINE 
Assembly  Address;  INITLA 

Reference  Information 

Called  in  by  the  following  predictor  subroutines: 

1.  Program  initializer. 

2.  End  of  sentence. 


Action  Taken 

Predicts: 

1.  Comma  end-wipe  activator. 

13. 

2.  Gerund. 

3.  End  wipe. 

14. 

4.  Relative  conjunction. 

5.  End  wipe. 

15. 

6.  Relative  pronoun. 

16. 

7.  Subject  (inactive). 

17. 

8.  M.E.  Left  object 
(instrumental)  (inactive). 

9.  M.E.  Left  object 
(accusative)  (inactive). 

10.  Predicate  head  (inactive)  . 

11.  Indirect  object  (inactive). 

12.  Comma  end  wipe  (end  clause 
mode) . 

IS. 

Other  Action; 

1.  Store  "IIC“  in  comma  serial  number. 


Notes 


Predictions  1-12  are  made  with  serial  number  "IIC" 
others  with  “III". 


Subject. 

M.E.  Left  object 
(instrumental) . 
M.E..  Left  object 
(accusative) . 
Predicate  head. 
Indirect  object. 
End  of  sentence. 
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CUUSER  PREDICTOR  SDBROUTINE 
Assembly  Address;  GLASER 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  in  GPl  of  FW5  and  “INF  CUUSER'*  in  FW9. 
Accepted  by  the  following  tester  subroutines: 

1.  Infinity. 


Action  Taken 


Predicts: 


1.  Subject. 

2.  M.E.  Left  object  (instrumental). 

3.  M.E.  Left  object  (accusative). 

4.  Predicate  head. 

5.  Indirect  object. 

6.  Comma  end  wipe  (continue  clause  mode). 


Other  Action: 


1.  Before  making  predictions,  wipe  all  predictions  in  pool 
with  serial  same  as  comma  serial  number. 

2.  Store  serial  number  of  preferred  argument  in  comma  serial 
number . 
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COMMA  PREDICTOR  SUBROUTINE 
Assembly  Address;  COMMAA 


Reference  Information 


Characterized  by  (syntactic  role  mark); 

1.  "/'in  CPI  of  FW5  and  "INF  COMMA"  in  FW9. 

Accepted  by  the  following  tester  subroutines; 

1.  Comparative  Complement.  2.  Infinity. 


Action  Taken 

Predicts;  1. 

Comma  end- wipe  activator. 

9. 

M.E.  Left  object 

2  0 

Gerund. 

(accusative)  (inactive) . 

3. 

End  wipe. 

10. 

Predicate  head  (inactive) . 

4  • 

Relative  conjunction. 

11, 

Indirect  object 

5. 

End  wipe. 

(inactive) . 

6. 

Relative  pronoun. 

12. 

Comma  end  wipe 

7. 

Subject  (inactive) . 

(end  clause  mode). 

8. 

M.E.  Left  object 
(instrumental)  (inactive). 

. 

Other  Action; 

1.  Before  making  predictions,  wipe  all  predictions  in  pool  with 
serial  same  as  Comma  Serial  Number. 

2.  Store  serial  number  of  preferred  argument  in  Comma  Serial 
Number. 
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NOUN  PREDICTOR  SUBROUTINE 
Assembly  Address;  NOUNAA 


Reference  Information 


Characterized  by  (syntactic  role  mark); 

1.  “N"  in  CPI  of  Fill(5. 

2.  "PN"  in  CPl-2  of  FW5- 

Accepted  by  the  following  tester  subroutines; 


(Cpd)  1. 

Subject. 

(Cpd)  7. 

2. 

Master. 

(Cpd)  8. 

3. 

Numeral  master. 

(Cpd)  9. 

(Cpd)  4* 

Modifier. 

(Cpd)]B. 

(Cpd)  5* 

Object. 

11. 

(Cpd)  6. 

Left  object. 

12. 

Called  in  by  the  following  predictor  subroutines; 

1.  Pronoun  (nominal).  2. 


Action  Taken 


Predicts;  1. 

2. 


Noun  complement. 
Modifier  (inactive) . 


3. 


Call  to  (if  not  master); 


1. 

Adjective-noun  subject 

4» 

(identical  with  pronoun 

5. 

subject) . 

6 . 

2. 

Modifier. 

rv 

(  • 

3. 

Object. 

8. 

Indirect  object. 

Agent . 

Noun  complement. 
Preposition  complement. 
Comparative  complement. 
Arbitrary  choice. 


Numeral  (nominal) . 


Objects,  agent,  and  verb 
master  with  03  PSI  as 
directed  by  FW8. 


Left  object. 

Indirect  object. 

Agent . 

Noun  complement . 
Preposition  complement. 


NSF-7 

September  1961 


1-107 


PRONOUN  PREDICTOR  SUBROUTINE 
Assembly  Address;  PPRONA 


Reference  Information 


Characterized  by  (syntactic  role  mark): 

1.  “P"  in  CPI  of  FW5. 

Accepted  by  the  following  tester  subroutines; 


(Cpd)  1.  Subject.  (Cpd)  7. 

2.  Master.  (Cpd)  8. 

3.  Numeral  master.  (Cpd) 

(Cpd)  4‘  Modifier.  (Cpd)  10. 

(Cpd)  5.  Object.  11. 

(Cpd)  6.  Left  object.  12. 


Action  Taken 


Call  to: 

1.  Noun  if  "N"  in  CP2  of  PWJ* 

2.  Adjective  if  "A"  in  CP2  of  FW5. 


Indirect  object. 

Agent . 

Noun  complement. 
Preposition  complement. 
Comparative  complement. 
Arbitrary  choice. 
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adjective  predictor  subroutine 

Assembly  Address;  AD.TAM 

Reference  Information 

Characterized  by  (syntactic  role  mark); 

lo  "A"  in  CPI  of  FV5,  also  CP8,  CP9,  and  CPIO  of  FW5  <  1. 

2.  "PA"  in  CP1»2  of  PW5. 

Accepted  by  the  following  tester  subroutines: 


(Cpd) 

1. 

Subject . 

(Cpd) 

7. 

Agent . 

2. 

Master. 

(Cpd) 

8. 

Noun  complement. 

(Cpd) 

3* 

Modifier. 

(Cpd) 

9. 

Preposition  complement 

(Cpd) 

4. 

Object. 

10. 

Comparative  complement 

(Cpd) 

5. 

Left  object. 

11, 

Arbitrary  choice. 

(Cpd) 

6, 

Indirect  object. 

Galled  in  by  the  following  predictor  subroutines; 
1.  Pronoun  (adjectival). 


Action  Taken 

Predicts;  1.  Objects,  agent  and  2,  End  wipe. 

verb  master  with  3*  Master. 

03  PSI  as  directed  4*  End  wipe, 

by  FW8. 

Call  to  (if  not  master); 

1.  Adjective -noun  subject  (identical  with  pronoun  subject). 

2.  Modifier. 

3.  Object. 

4.  Left  object, 

5.  Indirect  object. 

6.  Agent, 

7 .  Noan  complement . 

8.  Preposition  complement. 
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PARTICIPLE  PREDICTOR  SUBROUTINE 
Assembly  Address:  FARTM 


Reference  Information 


Characterized  by  (syntactic  role  mark): 

1.  "A"  in  CPI  of  FW5  and  >  0  in  CPIO,  but  not  >  0 
in  CPS  and  CP9  of  FW5. 

Accepted  by  the  following  tester  subroutines; 


(Cpd) 

1. 

Subject. 

(Cpd) 

7. 

Agent . 

2. 

Master. 

(Cpd) 

8  • 

Noun  complement. 

(Cpd) 

3. 

Modifier. 

(Cpd) 

9. 

Preposition  complement 

(Cpd) 

4. 

Object. 

10. 

Negative. 

(Cpd) 

5. 

Left  object. 

11. 

Arbitrary  choice. 

(Cpd) 

6. 

Indirect  object. 

Action  Taken 


Predicts: 


1.  Objects  (unless  instrumental)  as  directed  by  FWS. 

If  “N"  in  CPIO  of  FWS  and  accusative  object  predicted, 
predict  instead  combined  genitive-accusative  object. 

2 .  End  wipe . 

3.  Verb  master.  If  "N"  in  CPIO  of  FWS,  put  ''N«  in  CPI 
of  GWl. 

4*  Object  (instrumental)  and  agent  as  directed  by  JWS. 

5 .  End  wipe . 

6.  Master  (PSI  =  03)  unless  fulfilled  verb  complement. 

7 .  End  wipe . 


Call  to: 


1. 
2. 
3. 
4  • 

5. 

6. 


Adjective- noun  subject 

(identical  with  Pronoun  subject) 

Modifier. 

Object . 

Left  object. 

7. 

Noun  complement. 

Indirect  object. 

8. 

Preposition  complement. 

Agent . 

9. 

Verb  complement. 

Notes 


Participle  not  accepted  by  verb  complement  (Cpd)  at  this  time 
although  it  can  "call  to"  verb  complement. 

Should  be  accepted  by  comparative  complement . 
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VERB  PREDICTOR  SUBROUTINE 
Assemblj  Address?  VERBM 


Reference  Information 


Characterized  by  (syntactic  role  mark)? 

1.  "V"  in  CPI  of  FW5. 

Accepted  by  the  following  tester  subroutines? 


(Cpd) 

1.  Subject. 

5" 

Negative. 

(Gpd) 

2.  Predicate  head. 

6. 

Gerund . 

(Cpd) 

3.  Infinitive  predicate  head. 

7. 

Arbitrary  choice 

(Cpd) 

4o  Verb  master. 

Action  Taken 


Predicts;  lo  Preposition  object  (with  government  coding). 

2.  Object  as  directed  by  CP5-8  of  FW5  (unless  instrumental). 
If  preferred  argument  is  predicate  head  and  left  object 
has  been  found,  do  not  predict  object  of  case  of  left 
object.  If  “N“  in  CPIO  of  FW8  and  accusative  object 
predicted,  predict  instead  combined  genitive-accusative 
object. 


3«  End  wipe. 

4.  Verb  master  (if  "N"  in  CPIO  of  FW8,  put  "N"  in  CPI  of  GWl). 

5.  Object  (instrumental)  and  agent  as  directed  by  CP5-8  of 
FW5,  unless  preferred  argument  is  predicate  head  and 
instrumental  left  object  has  been  found. 


Other  Action; 


1.  If  "3"  in  GP12  of  FW5,  go  to  BYT'  (  6yTb)  without  making 
any  predictions. 


Call  to; 


1.  Verb  subject. 

2.  Verb  predicate  head. 

3.  Infinitive  predicate  head 


4.  Verb  master. 

5 .  Gerund . 
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ADVERB  PREDICTOR  SUBROUTINE 
Assembly  Address:  ADVAAA 

Relerenee  Information 

Characterized  by  (s^Titactic  role  mark); 

1.  “H"  in  CPI  of  FW5  and  not  NE  (ne) . 

2.  "A"  in  CPI  of  IY/5  and  2  or  3  in  CP9  of  m5  and  not  >  0 
in  CPIO  of  FW5. 

3.  "A"  in  CPI  of  FliV5  and  1  in  CPS  of  fW5. 

Accepted  by  the  following  tester  subroutines: 

1.  Infinity. 


Action  Taken 

Predicts;  1.  Comparative  complement,  if  CPS  of  FW5  >  0. 

2.  Objects,  agent  and  verb  master  as  directed 
by  FW8. 

3 .  End  wipe . 

Other  Action: 


1.  If  neither  predictions  are  made  under  1  and  2, 
go  to  continue  to  avoid  wiping  the  prediction 
pool. 


I-lll 
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NEGATIVE  PREDICTOR  SUBROUTINE 
Assembly  Address?  NEGAV\ 

Reference  Information 

Characterized  by  (syntactic  role  mark); 

1.  NE  (ne)  as  text  word. 

Accepted  by  the  following  tester  subroutines; 

1.  Infinity. 


Action  Taken 

Predicts;  1.  Negative. 


NEGATED  ADVERB  PREDICTOR  SUBROUTINE 
Assembly  Address;  NEGADV 

Reference  Information 

Characterized  by  (syntactic  role  mark); 

1.  "H"  in  CPI  of  FW5. 

2.  "A"  in  CPI  of  FW5  and  2  or  3  in  CP9  of  FW5  and  not  >  0 
in  CPIO  of  FW5. 

3.  "A"  in  GPl  of  FW5  and  1  in  CPS  of  FW5. 

Accepted  by  the  following  tester  subroutines; 

1.  Negative. 

Action  Taken 

Predicts:  1.  Comparative  complement  if  CP8  of  FW5  >  0. 
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NUMERAL  PREDICTOR  SUBROUTINE 
Assembly  Address:  NUMMA 


1-113 


Reference  Information 


Characterized  by  (syntactic  role  mark): 

1.  "D"  in  CPI  of  FW5. 

Accepted  by  the  following  tester  subroutines: 


(Cpd) 

1. 

Subject. 

(Cpd) 

8. 

Noun  complement. 

(Gpd) 

2. 

Master. 

(Cpd) 

9. 

Preposition  complement. 

3. 

Modifier. 

10. 

Chain  numeral. 

(Cpd) 

4. 

Ob j  ect . 

11. 

Comparative  complement . 

(Gpd) 

5. 

Left  object. 

12. 

Infinity  (if  nominative). 

(Cpd) 

6 . 

Indirect  object. 

13. 

Arbitrary  choice. 

(Cpd) 

7. 

Agent. 

Action  Taken 

Predicts: 

1. 

M.E.  Chain  numeral. 

2.  M.E.  Numeral  master  according  to  following  conditions 
(if  "A"  in  CP2  of  m)i 

(a)  if  "RZVor  if  no  intersection  between  FW6 
and  FW8,  put  PW8  in  GWl. 

(b)  if  intersection,  put  intersection  in  GWl;  if 
genitive,  predict  both  singular  and  plural. 

3 .  End  wipe , 

Call  to: 


1.  If  "a"  in  CP2  of  FW5  and  not  numeral  master. 


(a)  Adjective- noun  subject 
(identical  to  pronoun  subject). 

(b)  Modifier. 

(c)  Object. 

(d)  Left  object. 

(e)  Indirect  object. 

(f)  Agent. 

(g)  Noun  complement. 

(h)  Preposition  complement. 


2.  If  "N"  in  CP2  of  FW5,  go  to  noun. 
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NUMER4L  MASTER  PREDICTOR  SUBROUTINE 
Assembly  Address;  NUMAST 

Reference  Information 


Characterized  by  (syntactic  role  mark); 

1.  "A"  in  CPI  of  FW5  and  CP9  of  P’W5  <  1. 

2.  "PA"  in  CPl-2  of  FW5. 

Accepted  by  the  following  tester  subroutines; 
1.  Numeral  master. 


Action  Taken 

Predicts;  1.  Numeral  master. 

(a)  If  "R"  in  CP2  of  GWl,  predict  "R"  in  CP2  of 
GWl  and  "Z"  in  positions  corresponding  to 
intersections. 

(b)  If  not  "R"  in  CP2  of  GWl,  predict  normal 
intersections. 


PREPOSITION  PREDICTOR  SUBROUTINE 
Assembly  Address:  PREPM 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  "R"  in  GPl  of  FW5<. 

Accepted  by  the  following  tester  subroutines; 

1.  Compound  preposition.  2.  Infinity. 

Called  in  by  the  following  predictor  subroutines: 

1.  Preposition  object. 


Action  Taken 

Predicts:  1.  Preposition  complement.  3«  End  wipe. 

2.  Compound  preposition. 
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GERUND  PREDICTOR  SUBROUTINE 
Assembly  Address;  GERNM 

Reference  Information 

Characterized  by  (syntactic  role  mark); 

1.  "V"  in  CPI  of  FW5  and  "G"  in  CP9  of  M6. 

Called  in  by  the  following  predictor  subroutines: 

1.  Verb.  2.  BYT'  (  6yT^ 

Action  Taken 

Predicts:  1.  Compound  gerund.  2.  End  wipe. 


INFINITE  CONJUNCTION  PREDICTOR  SUBROUTINE 
assembly  Address:  CONJIA 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  I  (n),  ILI  {iim),  A  (a),  or  NO  (ho), 

2.  in  CPI  of  FW5  and  "INF  CONJ"  in  FW9 . 

Accepted  by  the  following  tester  subroutines: 

1,  Infinity. 

Called  in  by  the.  following  predictor  subroutines: 

1 .  CHEM  (  MGM  ) . 

Action  Taken 

Predicts;  1.  99-activator. 

Notes 

Comma  should  not  fulfill  INF  CONJ. 

Put  mark  in  FII5  for  all  INF  CONJ. 
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RELATIVE  CONJUNCTION  PREDICTOR  SUBROUTINE 
Assembly  Address;  RCNJTA 

Reference  Information 

Characterized  by  (syntactic  role  mark); 
lo  "C"  in  CPI  of  FW5o 

If  1  (m),  ILI  (Km),  A  (a),  or  NO  (ho),  check  prediction 
pool  for  unfulfilled  subject,  left  object,  and  predicate 
head  predictionso  Accept  only  if  none  found. 

Accepted  by  the  following  tester  subroutines; 

1.  Relative  conjunction. 

Action  Taken 

Predicts;  1.  If  ESLl  (ecjui)  or  CHTOBY  (uTobu  )  as  text  word, 
infinitive  predicate  head. 

Other  Action; 

1.  Activate  all  inactive  predictions  (50  <  PSl  <  98) . 
Update  serial  number  upon  activating.  Also  update 
serial  number  of  top  comma  end  wipe  in  pool. 

Notes 


Should  also  cheek  for  objects  of  predicate  head  that  must  be 
fulfilled.  Cannot  do  this  now. 
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CHM  (  yew)  PREDICTOR  SUBROUTINE 
Assembly  Address:  CHMM 
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Reference  Information 

Characterized  by  (syntactic  role  mark); 

1.  CHEM  (  yew)  as  text  word  and  "C"  in  CPI  of  FW5 
Accepted  by  the  following  tester  subroutines: 

1 .  Comparative  complement . 


Action  Taken 

Predicts;  lo  Object,  if  comparative  complement  predicted  by 
adjective  predicate  head. 

Gall  to: 


1.  Infinite  conjunction,  if  comparative  complement  predicted 
by  adverb. 


MODIFIER  PREDICTOR  SUBROUTINE 
Assembly  Address:  MODMA 


Reference  Information 

Characterized  by  (syntactic  role  mark): 

1,  iiiiMODIFERi  in  FH9- 

Called  in  by  the  following  predictor  subroutines; 

1.  Noun.  3»  Participle. 

2.  Adjective.  Ao  Numeral. 


Action  Taken 


Predicts;  1.  Compound  modifier  (in  same  case  and  number). 
2 .  End  wipe . 

3»  Comma  end  wipe  in  continue  clause  mode. 
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OBJECT  PREDICTOR  SUBROUTINE 
Assembly  Address:  CBJMA 

Reference  Information 

Characterized  by  (syntactic  role  mark); 

1.  iiiiiOBJECTi  in  PW9. 

Called  in  by  the  following  predictor  subroutines; 

l6  Noun.  3.  Participle. 

2.  Adjective.  4.  Numeral. 

Action  Taken 

Predicts;  1.  Compound  object  with  same  case(s)  as  object. 
2 .  End  wipe . 

Notes 

This  predictor  routine  also  takes  care  of  the  following 
other  predictor  routines: 

(a)  Left  object. 

(b)  Indirect  object. 

(c)  Agent. 

(d)  Noun  complement. 

(e)  Preposition  complement. 
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LEFT  CBJECT  PREDICTOR  SUBROUTINE 
Assembly  Address;  LOBJTA 

Reference  Information 


Characterized  by  (syntactic  role  mark): 

1.  iiiiiLAOBJAi  in  FW9. 

Called  in  by  the  following  predictor  subroutines: 

1.  Noun.  3.  Participle. 

2.  Adjective.  4.  Numeral. 


Action  Taken 

Predicts:  1.  Compound  left  object  with  same  case(s)  as 
left  object. 

.2 .  End  wipe . 

Other  Action; 


1.  Put  case  in  CP2  of  GW2  of  predicate 
head  prediction. 


Notes 
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Same  as  object  predictor 
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INDIRECT  OBJECT  PREDICTOR  SUBROUTINE 
Assembly  Address;  INDCBJ 

Reference  Information 


Characterized  by  (syntactic  role  mark): 

1.  iiiiilNDAQBJi  in  FW9. 

Called  in  by  the  following  predictor  subroutines; 

1.  Noun-  3.  Participle. 

2.  Adjective.  4-  Numeral. 

Action  Taken 

Predicts:  1.  Compound  indirect  object.  2.  End  wipe. 


Notes 


Same  as  object  predictor. 


AGENT  PREDICTOR  SUBROUTINE 
Assembly  Address;  AGTAAA 


Reference  Information 


Characterized  by  (syntactic  role  mark); 

1.  iiiiiAGENTAi  in  f1l?9. 

Called  in  by  the  following  predictor  subroutines; 

1.  Noun.  3.  Participle. 

2.  Adjective-  4,  Numeral. 

Action  Taken 

Predicts;  1.  Compound  agent.  2.  End  wipe. 


Notes 


Same  as  ob,1ect  predictor 
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NOUN  COIiffLMENT  PREDICTOR  SUBROUTINE 
Assembly  Addresss  NCOMPT 

Reference  laformation 


Characterized  by  (syntactic  role  mark); 

1.  iiiiiNACQUPi  in  PYI9. 

Galled  in  b2/’  the  following  predictor  subroutines; 

1.  Noun.  3.  Participle. 

2.  Adjective.  4.  Numeral. 


Action  Taken 


Predicts;  1.  Compound  noun  complement. 
2.  End  wipe. 


Notes 

Same  as  object  predictor. 


PREPOSITION  COMPLEMENT  PREDICTOR  SUBROUTINE 
Assembly  Address;  HCCMPT 

Reference  Information 


Characterized  by  (syntactic  role  mark): 

1.  iiiiiRAGOMPi  in  rW9. 

Called  in  by  the  following  predictor  subroutines; 

1.  Noan.  3,  Participle. 

2.  Adjective.  4»  Numeral. 


Action  Taken 

Predicts;  1.  Compound  preposition  complement  in  same  case  as 
preposition  complement. 

2 .  End  wipe . 

Notes 

Same  as  object  predictor. 
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ADJECTHE-NOUN  SUBJECT  PREDICTOR  SUBROUTINE 
Assembly  Address:  ANSUBA 

Re f e r e nee  Information 


Characterized  by  (syntactic  role  mark): 

1.  iiiiiSUBJCTi  in  M9  and  neither  “V"  in  CPI  of  FH5  nor 
"PN"  in  CPl-2  of  FW5. 

Called  in  by  the  following  predictor  subroutines: 

1.  Noun.  3.  Numeral. 

2.  Adjective.  4*  Participle. 


Action  Taken 


Predicts;  1.  Compound  subject  with  any  person,  number 
and  gender. 


2 .  End  wipe . 


Other  Action; 

1.  Modify  predicate  head  prediction  (if  it  has  not  been 
fulfilled)  to  3rd  person,  and  to  number  and  gender 
of  preferred  argument.  Put  >  0  in  CP3  of  GW2. 

2.  If  compound  subject,  modify  predicate  head  prediction 
to  3rd  person  plural  any  gender. 
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PRONOUN  SUBJECT  PREDICTOR  SUBROUTINE 
Assembly  Address;  PSUBM 

Reference  Information 


Characterized  by  (syntactic  role  mark): 

1.  iiiiiSUBJCTi  in  FW9  and  "PN"  in  CPl-2  of  FW5. 
Called  in  by  the  following  predictor  subroutines: 

1.  Noun. 


Action  Taken 

Predicts:  1.  Compound  subject  with  any  person,  number  and  gender. 
2 .  End  wipe . 

Other  Action: 


1.  Modify  predicate  head  (if  it  has  not  been  fulfilled) 
as  to  person,  number  and  gender  of  pronoun  and 

put  >  0  in  CP3  of  GW2. 

2.  If  compound  subject,  modify  to  3rd  person  plural, 
any  gender. 


123 


This  has  been  merged  with  adjective- noun  subject. 
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VERB  SUBJECT  PREDICTOR  SUBROUTINE 
Assembly  Addresss  VSUBM 


Reference  Information 


Characterized  by  (syntactic  role  mark); 

1.  iiiiiSUBJCTi  in  fYI9  and  "V"  in  CPI  of  FW5- 
Called  in  by  the  following  predictor  subroutines; 

1.  Verb  2.  BYT'  (6yTb) 


Action  Taken 


Predicts;  1. 


2. 


Compound  subject  (verb  infinitive  only; 
CP2  of  GW2  =  1) o 
End  wipe., 


Other  Action; 


1.  Modifies  predicate  head  (if  it  has  not  been  fulfilled)  to 
3rd  person,  neuter,  singular,  and  puts  >  0  in  CP3  of  Gff2. 


VERB  PREDICATE  HEAD  PREDICTOR  SUBROUTINE 
Assembly  Address:  VPREDH 


Reference  Information 


Characterized  by  (syntactic  role  mark); 

1.  iiiiiVAPREDA  in  FW9o 

Called  in  by  the  following  predictor  subroutines; 

1.  Verb  2.  BYT'  (gyrs) 


Action  Taken 

Predicts;  lo  Compound  predicate  head  with  same  person,  number  and  gender. 
Other  Actions 


1.  If  predicate  head  is  Ist  person,  modify  PSI  of  subject  to  03* 

2.  Modifies  subject  (if  it  has  not  been  fulfilled)  as  to 
person,  number  and  gender,  and  puts  >  0  into  CP3  of  GW2. 

3«  Erases  left  object  predictions  if  they  have  not  been  f\ilfilled. 
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ADJECTIVE  PREDICATE  HEAD  PREDICTOR  SUBROUTINE 
Assembly  Address:  APREDH 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  "A"  in  CPI  of  M5  and  1  or  2  in  CP9  of  PW5. 

2.  "X"  in  CPI  of  FW5. 

Accepted  by  the  following  tester  subroutines: 

1.  Predicate  head. 

(Cpd)  2.  Verb  complement. 


Action  Taken 


Predicts: 


1.  Comparative  complement,  if  CP8  of  FW5  >  0. 

2.  Objects,  agent  and  verb  master  with  03  PSI  as 
directed  by  FW8,  if  CP8  of  FVf5  <  0  and  left 
object  not  fulfilled. 

3.  Verb  master.* 

4.  Compound  predicate  head  with  same  person, 
number,  and  gender. 


Other  Action: 


1.  Wipe  left  object  predictions  if  not  yet  fulfilled. 

2.  If  CPI  of  IW5  is  "X",  wipe  subject  prediction  with 
same  serial  number  as  in  CPl-3  of  FW9. 

3.  If  CPI  of  FW5  is  “A",  modify  subject  prediction  to 
any  person  and  to  number  and  gender  of  preferred 
argmnent  and  put  >  0  into  CP3  of  GW2 . 


Notes 

* 

If  predict  verb  master  due  to  "P9"  code  in  number  2  above,  must 
inhibit  prediction  of  3  above. 
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BYT'  (  6yTb)  PREDICTOR  SUBROUTINE 
Assembly  Addi'esss  BYTA6A 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  “V"  in  CPI  of  FW5  and  "3"  in  CP12  of 
Called  in  by  the  following  predictor  subroutines: 

1.  Verb 

Action  Taken 

Predicts:  1.  M.E.  Verb  master  (if  "N"  in  CPIO  of  FW8,  put 
"N"  in  CPI  of  GWl). 

2.  M.E.  Object  (nominative-instrumental  combined)  (if 
left  object  found,  don't  predict  object). 

3.  M.E.  Verb  complement  (predict  any  number  and  gender 
if  have  gerund  or  infinitive) . 

Call  to} 

1.  Verb  subject. 

2.  Verb  predicate  head. 

3.  Infinitive  predicate  head. 

4.  Verb  master. 

5 •  Gerund . 
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lUFII'JITIVE  PREDICATE  HEAD  PREDICTOR  SUBROUTINE 
Assembly  Address;  IPREDT 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  iiiilAPREDM  in  FW9. 

Called  in  by  the  following  predictor  subroutines: 

1.  Verb  2.  BYT'  (6yTb) 

Action  Taken 

Predicts:  1.  Compound  infinitive  predicate  head. 

2.  End  wipe. 


VERB  COMPLEMENT  PREDICTOR  SUBROUTINE 
Assembly  Address:  VCOMPT 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  iiiiiVi^\COMPA  in  FW9o 

Called  in  by  the  following  predictor  subroutines: 
1.  Participle 


Action  Taken 

Predicts:  1.  Compound  verb  complement  (with  same 
number  and  gender) . 

2.  End  wipe. 
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VEHB  MASTER  PREDICTOR  SUBROUTINE 
Assembly  Addresss  VMASTT 

Reference  Information 

Characterized  by  (syntactic  role  mark): 
lo  iiiiiVMASTA  in  m9. 

Called  in  by  the  following  predictor  subroutines: 

1.  Verb  2.  BYT'  (  6yT^ 

Action  Taken 

Predicts:  1.  Compound  verb  master. 


PREPOSITION  OBJECT  PREDICTOR  SUBROUTINE 
Assembly  Address:  RQBJTA 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  "R"in  CPI  of  PW5,  the  identical  preposition,  and  agreement 
with  government  code. 

Accepted  by  the  following  tester  subroutines: 

1.  Preposition  object. 


Action  Taken 
Call  to: 

1.  Preposition. 


Notes 


Same  as  preposition  routine 
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PREDICTOR  SUBROUTINE 
Assembly  Address;  DOLLAR 

Reference  Information 

Characterized  by  (syntactic  role  mark): 

1.  in  CPI  of  M2. 

Accepted  by  the  following  tester  subroutines; 

1.  Infinity. 

I 

Action  Taken 

Other  Action: 

1.  Go  to  continue  to  avoid  wiping  the  prediction  pool. 


LEFT  PAREN  PREDICTOR  SUBROUTINE 
Assembly  Address:  LPAREN 

Reference  Information 

Characterized  by  (syntactic  role  mai’k) : 

1.  "*("  as  input  text  word. 

Accepted  by  the  following  tester  subroutines: 
1.  Infinity. 


Action  Taken 

Predicts:  1.  Right  paren  end  wipe 
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END-OF-SENTENCE  PREDICTOR  SUBROUTINE 
Assembly  Address:  EOSTM 

Reference  Information 

Characterized  by  (syntactic  role  mark); 

1.  in  CPI  of  FW5. 

2.  in  CPI  of  FW5. 

3.  "s”  in  CPI  of  M5. 

Accepted  by  the  following  tester  subroutines: 

1.  End  of  sentence. 

Action  Taken 

Other  Action: 

1.  Wipe  prediction  pool  completely. 

2.  Set  chain  number  to  00. 

3.  Put  3  space  blockettes  in  hindsight  and  final  choice 
tapes. 

Call  to; 


1.  Initial. 
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SUBJECT  TESTER  SUBROUTINE 


PSI  =  01 

ABS,  000012,  00,  SUBJM 

Reference  Information 
Predicted  by: 

1.  Initial  (active  and 
inactive) . 

2.  Comma  (inactive). 

3.  Clauser. 

Modified  by: 

lo  Verb  predicate  head. 

2.  Adjective  predicate  head. 


Compound  PSI  =  99 
ABS,  000992,  00,  CSUBJE 

Reference  Information 
Predicted  by: 

1.  Adjective-noun  subject. 

2 .  Pronoun  subj  ect . 

3.  Verb  subject. 


Testing  Criteria 


Fulfilled  by: 

1.  Noun. 

2.  Adjective. 

3.  Participle. 
4»  Numeral, 


if  prediction 
>  is  in  3rd 
person. 


5.  Pronoun,  if  prediction 
matches  in  person. 

6.  Verb  (infinitive),  if 
prediction  is  3rd 
person,  singular,  neuter. 


Grammatical  Information  required; 


1.  GWl:  Nominative  and  number. 

2.  GW2j  CPI:  Gender.  CP2:  Subject  jnust  be  verb  if  >  0. 

CP3:  Predicate  head  fulfilled  if  >  0.  CP4:  Person. 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


44SUBJGTA 


ACSUBJCm 
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PREDICATE  HEAD  TESTER  SUBROUTINE 
PS I  =  01  Compound  PSI  =  99 

ABS,  000012.,  00,  PREDM  ABS,  000992,  00,  CPREDA 


Reference  Information 
Predicted  by; 

1.  Initial  (both  active 
and  inactive ) . 

2o  Comma  (inactive). 

3 •  Clauser . 

Modified  bys 

lo  Adjective-noun  subject 

2.  Pronoun  subject. 

3.  Verb  subject. 

4.  Left  object. 


Reference  Information 
Predicted  by; 

1.  Verb  predicate  head. 

2.  Adjective  predicate  head 


Testing  Criteria 


Fulfilled  by; 

1.  Verb  (indicative). 

2.  Adjective  predicate  head  (if  CP2  of  GW2  <  1) . 


Grammatical  information  required; 


1.  GWl;  Nominative  and  number. 

2.  GW2;  CPI;  Gender.  CP2;  Left  object  found  if  >  0  and  case 

given  by  CP2.  CP3;  Subject  fulfilled  if  >  0. 

GP4;  Person. 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


MVAPREDA 

AAAAPREDA 


ACVAPREDA 

ACAAPREDA 


NSF-7  I~133 

September  1961 

INFINITIVE  PREDICATE  HEAD  TESTER  SUBROUTINE 


psi  =  no 

ABS,  000000,  00,  IPtoA 

Reference  Information 

Predicted  by: 

1.  Relative  conjunction. 
(ESDI  (ecJM)  and 
GHTOBY  (  uTodu  )  only) . 

Testing  Criteria 
Fulfilled  by: 

1.  Verb  (infinitive). 


Compound  PSI  =  99 
ABS,  000990,  00,  CIPRED 

Reference  Information 

Predicted  by; 

1.  Infinitive  predicate 
head. 


Immediate  Action 

Wipe  all  predictions  down  to,  but  not  including,  top  comma  end  wipe. 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


AIAPREDM 


CIAPREDM 
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MASTER  TESTER  SUBROUTINE 

PSI  =  01 

ABS,  000012,  00,  MASTM 


Reference  Information 
Predicted  bys 

1.  Adjective. 

2.  Participle. 


Testing  Criteria 

Fulfilled  byg 

lo  Ad j active o 
2.  Noun. 

3 «  Pronoun . 

4.  Numeral. 

5.  Participle. 

Grammatical  Information  required: 


1. 

GWl: 

Case  and  number. 

2, 

GW2: 

Gender. 

3- 

GW3s 

Mark  of  word  making  prediction. 

Syntactic  Role  Mark 
xxxocxxxM 

(x-x  =  mark  of  word  predicting  master) 


Notes 

Master  preferred  argument  should  override  object  or  agent  preferred 
argument  from  word  with  same  text  serial  number.  (This  test  made 
in  override.) 
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NUMERAL  MASTER  TESTER  SUBROUTINE 

PSI  =  01 

ABS,  000012,  00,  NMASTA 

Reference  Information 
Predicted  by; 

1.  Nvuaeral. 

2o  Numeral  master o 

Testing  Criteria 
Fulfilled  by; 

1 o  N  oun » 

2o  Pronoun  (nominal). 

3«  Numeral  master. 

Grammatical  information  required: 

lo  GWl:  '*RZV"  or  case  and  number. 

2.  GW2;  Mark  of  word  making  prediction.  ■■ 

Syntactic  Role  Mark 
XXXXXXX3d^ 

(x”X  =  mark  of  word  predicting  numeral  master) 


Notes 

If  “R"  in  CP2  of  GWl,  both  1  and  2  must  be  genitive  singular 
and  3  fulfills  non-R  case  and  number.  Otherwise,  look  for 
normal  intersection. 
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VEEB  MASTER  TESTER  SUBROUTINE 

PSI  =  03  Compound  PSI  =  99 

ABS,  000031,  00,  VMASTA  ABS,  000991,  00,  CVMAST 


Reference  Information 


Predicted  bys 

1.  Noun a 
2c  Adjective. 

3.  Participle. 

4»  Verb 

5 .  Adverb 

6.  Adjective  predicate  head. 

7o  BYT'  (6yTB). 

Testing  Criteria 
Fulfilled  by; 

1.  Verb  (infinitive). 

Grammatical  information  required: 

1,  GWl;  CPI:  "N"  if  negated. 

Immediate  Action 

If  "N"  In  CPI  of  GWl,  put  "N"  in  CPIO  of  FW8. 


Reference  Information 
Predicted  by: 

1.  Verb  master. 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


MVAUASTA 


ACVMASTA 
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VERB  COMPLMENT  TESTER  SUBROUTINE 
PSI  =  03  Compound  PSI  =  99 

ABS,  000031,  00,  VCOMPA  ABS,  000991,  00,  CVCOMP 


Reference  Information 
•Predicted  by; 

1.  BYT>  (6yTb). 

Testing  Criteria 

Fulfilled  by: 

1.  Adjective  with  1  or  2 
in  CP9  of  FW5. 


Reference  Information 
Predicted  by; 

1.  Verb  complement. 


Grammatical  information  required: 

1.  GWl:  GPl:  Gender,  CP2:  Number. 


Syntactic  Role  Mark 
AAVACQMPA 


Syntactic  Role  Mark 
ACVACOMPA 


Notes 
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Presently  go  to  participle  predictor.  Should  go  directly 
to  verb  complement  predictor. 


1-138 


NSF-7 
September  1961 


PSI  =  50 

ABSj  000501,  GO,  MODIFA 


MODIFIER  TESTER  SUBROUTINE 

Compound  PSI  =  99 
ABS,  000992,  00,  CMODIF 


Reference  Information 
Predicted  by; 

lo  Nouno 
Modified  by; 

lo  Activated  by  comma  end- 
wipe  activator. 


Reference  Information 
Predicted  by; 

1.  Modifier. 


Tegting  Criteria 

Fulfilled  by: 

lo  Noun. 

2o  Pronoun. 

3.  Adjective. 

4«  Participle, 

5.  Numeral. 

Grammatical  Information  required; 
1.  GWls  Case  and  number. 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


MODIFERA 


CMODIFEPy^ 
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September  1961 

OBJECT  TESTER  SUBROUTINE 

PSI  =  01  Compound  PSI  =  99 

ABS,  000012,  00,  CBJECT  ABS,  000992,  00,  COB JOT 


Reference  Information 


Reference  Information 


Predicted  by; 


Predicted  by: 


lo  Noun. 

2.  Adjective. 

3.  Participle. 

4.  Verb. 

5 .  Adverb . 

6.  CHEM  (yew). 

7.  Adjective  predicate  head. 

8.  BIT'  (67Tb). 


1.  Object. 


Testing  Criteria 
Fulfilled  by; 

1.  Noun. 

2.  Pronoun. 

3.  Adjective. 

4.  Participle. 

5.  Numeral. 

Grammatical  information  required: 

1.  GWl:  Case  and  Number. 

2.  GW2:  "MMAQBJECTA"  i 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


MOBJECTA 


ACOBJECTA 


Notes 


This  tester  routine  also  takes  care  of  the  following  testers: 
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(a)  Left  object. 

(b)  Indirect  object 

(c)  Agent. 


(d)  Noun  complement. 

(e)  Preposition  complement. 
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LEFT  OBJECT  TESTER  SUBROUTINE 


PSI  =  03 

ABS,  000032,  00,  LOBJEi!\ 


Compound  PSI  =  99 
ABS,  000992,  00,  CLOBJS 


Reference  Information 

Predicted  by; 

1.  Initial  (active  and 
inactive) . 

2g  Comma  (inactive). 

3  0  Clauser 

Modified  byi 

1.  Wiped  by  verb  predicate  head. 

2.  Wiped  by  adjective  predicate 
head. 


Reference  Information 
Predicted  by: 

1.  Left  object. 


Testing  Criteria 
Fulfilled  by: 

1.  Noun. 

2.  Pronoun. 

3.  Adjective. 

4.  Participle. 

5.  Numeral. 

Grammatical  Information  required: 

1.  GWls  "OOAOOO  00A000“  or  “000010  000010“ 

2.  GW2s  "AA/\AAL  AQBJM" 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


AAT.AnR.TA 


^LAOBJA 


Notes 


Same  as  object  tester. 
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INDIRECT  (EJECT  TESTER  SUBROUTINE 
PSI  =  03  Compound  PSI  99 

ABS,  000032,  00,  INDOBA  ABS,  000992  ,  00,  CIND(3B 


Reference  Information 

Predicted  by; 

lo  Initial  (active  and 
inactive) . 

2.  Comma  (inactive). 

3*  Clauser. 


Reference  Information 
Predicted  by; 

1.  Indirect  object. 


Testing  Criteria 
Fulfilled  by; 

1.  Noun. 

2.  Pronoun. 

3.  Adjective. 

4.  Participle. 

5.  Numeral. 

Grammatical  information  required: 

1.  GWl;  ''QOOCOO  OOOCOO" 

2,  GW2;  "AVWrN  DAQBJA" 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


AINDAQBJA 


CINDAQBJA 
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Same  as  object  tester 
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AGEMT  TESTER  SUBROUTINE 


PSI  =  03 

ABS,  0000.32,,  GO,,  AGEKTA 

Reference  Information 

Predicted  bys 

lu  Noun. 

2o  Adjective. 

,3.  Participle, 

4o  Verb, 

5 .  Adverb , 


Compound  PSI  =  99 
ABS,  000992,  00,  CAGENT 

Reference  Information 
Predicted  by: 

1.  Agent. 


Testing  Criteria 
Fulfilled  bys 

1.  Noun. 

2.  Pronoun. 

3o  Adjective. 

4o  Participle. 

5 .  Numeral , 

Grammatical  information  required; 

1.  GWls  Case  and  number. 

2,  GW2s  "AAAAAAGENTM" 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


MAGENTAA 


ACAGENTM 


Notes 
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NOUN  COMPLiUENT  TESTEE  SUBROUTINE 
PSI  -  00  Compound  PSI  =  99 

ABS,  000002,  00,  NCCMPA  ABS,  000992,  00,  CNCOMP 


Reference  Information 
Predicted  by: 

1 .  Noun . 


Reference  Information 
Predicted  by: 

1.  Noun  complement. 


Testing  Criteria 
Fulfilled  by: 

1.  Noun. 

2 .  Pronoun . 

3.  Adjective. 

4-.  Participle. 

5 .  Numeral . 

Grammatical  information  required: 

1.  GWl;  "OGOOOO  OGOOOO" 

2,  GW2;  “AMAAN  ACCMPA" 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


A!^NA30MPA 


ACNACCMPA 


Notes 
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Same  as  object  tester 
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PREPOSITION  COMPLEMENT  TESTER  SUBROUTINE 
FSI  =  01  Compound  PSI  =  99 

4BS,  000012s  00,  RGQMPA  ABS,  000992,  00,  GRC0S3P 


Reference  Information 
Predicted  by; 

1.  Preposition  complement. 

Testing  Criteria 

Fulfilled  by; 

lo  Noun. 

2«  Pronoun. 

3.  Adjective. 

4.  Participle. 

5.  Numeral. 

Grammatical  information  required; 

1.  GWl;  Case  and  number. 

2.  GW2;  ''AfVVV^OMPA'' . 


Reference  Information 
Predicted  by; 

1.  Preposition. 


Syntactic  Role  Mark 


Syntactic  Role  Mark 


MRACOMPA 


ACRACCMPA 


Notes 


Same  as  object  tester. 
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CHAIN  NllAER&L  TESTER  SUBROUTINE 

PSI  =  00 

ABS,  000003,  00,  GHHMJM 

Reference  Information 
Predicted  by; 

1 o  Numeral . 


Grammatical  information  required: 

1.  GWl:  Case  and  number. 

2.  GW2;  Gender. 

3.  GW3:  Mark  of  work  making  prediction. 


(x~x  =  mark  of  word  predicting  chain  numeral) 
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NEGATIVE  TESTER  SUBROUTINE 

PSI  =  00 

ABS.  OOOOOG.,  00  5  NEGTH 

Reference  Information 
Predicted  by.; 

Ic  Negative c 

Testing  Criteria 

Fulfilled  bys 

1 0  V  erb  o 

<0  Participle o 

3  o  N  e  gat  e i  ad ve  r b  u 

Immediate  Action 
1,  If  fulfilled  by  1  or  2s 

(a)  Pat  "N"  in  CPIO  of  Fi’ifS. 

(b)  Do  not  call  to  success. 

('•.)  Don't  make  mark. 

Syntactic  Role  Mark 


INFMDvrBAWN 
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GOMPAEATIVE  COMPLIMENT  TESTER  SUBROUTINE 

PSI  =  01 

ABS,  000011,  00,  CMPCMP 


Reference  Information 
Predicted  by; 

1.  Adverb. 

2.  Negated  adverb. 

3o  Adjective  predicate  head. 


Testing  Criteria 
Fulfilled  by; 

1.  Noun. 

2.  Pronoun  (adjectival). 

3.  Adjective.  f  ™st  be  genitive. 

4 .  Numeral .  J 

5.  CHM  (  qeM  ) . 

6.  Comma. 

Grammatical  information  required: 

1.  GWl;  "AOOOOO  000000”  if  predicted  by  adverb  or 
negated  adverb. 

"POOOOO  000000”  if  predicted  by  adjective  predicate  head. 


Syntactic  Role  Mark 

4cmp/:£;mpa 


Notes 


Must  eliminate  comma  fulfillment 
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PREPOSITION  OBJECT  TSSTER  SUBROUTINE 

PS I  “  00 

ABSj,  000001,  GOs  RCBJEA 

Reference  Information 
Predicted  bys 
lo  Verbo 


Testing  Criteria 

Fulfilled  bys 

lo  Preposition  object « 

Grammatical  info.mation  required; 

lo  GWIs  Preposition  government  code  in  CP1~2 
(eago,  El,  H6,  eteO« 


Syntastlo  Role  Mark 
ARACBJAAA 


i.  Compounding  not  taken  .into  account., 

2o  A  table  of  prepositions  and  codes  is  stored  in  the  program, 
one  mac.b.ine  word  per  preposition  and  code:  CCPPPPPPPPPNo 
GC' 'Government  codco  N-case  of  governed  preposition* 
PPPPPPPPP-l-lit  of  preposition  with  delta  fill* 


NSF-7 

September  1961 


1-149 


COMPOUND  PREPOSITION  TESTER  SUBROUTINE 

Compound  PSI  =  99 
ABS,  000991,  00,  CPREPA 

Reference  Information 
Predicted  by: 

1.  Preposition. 

Testing  Criteria 
Fulfilled  by: 

1.  Preposition  (that  is  identical). 

Grammatical  information  required: 

1.  GWl;  Preposition  (x-lit). 

Syntactic  Role  Mark 


CAPREP/^AA 
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GERUND  TESTER  SUBROUTINE 


PSI  =  0.3 

ABS,  000030,  00,  GERUND 

Reference  Information 

Predicted  bys 

lo  Initial o 
2o  Gomraao 

Testing  Criteria 
Fulfilled  bys 

lo  Verb  (gerund^'  . 

Syntactic  Role  Mark 
/^ERUNDM 


Compound  PSI  =  99 
ABS.,  000990,  00,  CGERNA 

Reference  Information 
Predicted  bys 
1 o  Gerund . 


S.yr'tacrlc  Role  Mark 
CGERUNDM 
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REUTIVE  CONJUNCTION  TESTER  SUBROUTINE 

psi  =  03 

ABS,  000030,  00,  RCONJA 

Reference  Information 

Predicted  by; 

1.  Initial. 

2  o  Comma 


f 


KARACONJA 
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REUTHE  PRONOUN  TESTER  SUBROUTINE 

PSI  =  03 

ABS,  000030,  00,  RPRONA 

Reference  Information 
Predicted  bys 

1.  Initial o 

2.  Comma. 

Testing  Criteria 
Fulfilled  by: 

1.  Relative  pronoun.* 

Immediate  Action 

Whether  or  not  there  has  been  a  previous  success,  upon  fulfillment, 
the  routine  activates  all  predictions  in  the  pool  with  50  £.  PSI  <98, 
changing  serial  number.  This  tester  never  calls  to  the  success  control 
routine,  and  continues  as  if  there  had  been  no  success.  Change  serial 
of  top  comma  end  wipe  in  pool  to  serial  in  T4.  Set  "K"  extractor 
subroutine . 

Notes 

* 

A  relative  pronoun  is  characterized  by; 

(a)  "P”  in  CPI  of  OW  and 

(b)  "R"  in  CPS  of  CW. 


September  1961 


INFINITY  TESTER  SUBROUTINE 
Assembly  Address;  INFINT 


Reference  Information 


Called  in  by; 

lo  End  of  sentence. 

2  o  End  wipe . 

3«  Comma  end  wipe. 

4.  Right  paren  end  wipe. 

5.  Comma  end- wipe  activator. 

6.  99-actiy4tor. 


Testing  Criteria 
Fulfilled  by; 


1.  Comma. 

5. 

Numeral  (nominative  w 

2.  Clauser. 

"C  in  CP12  of  FW5). 

3  •  Adverb . 

6 . 

Preposition. 

4.  Negative. 

7. 

Infinite  conjunction. 

8. 

Dollar  sign. 

9. 

Left  paren. 

Syntactic  Role  Mark  (respectively) 

1 .  INFACCaJMAAM 

2 .  INFACUUSERA 

3 .  INFAADVB4AAA 

4.  INFANEGATIVE 

5 .  INFANUMERALA 

6.  INFAPREPAAAA 

7.  INFACONJRCTA 

8.  INFA||:^AAV\ 

9 .  INFALAPARENA 
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AEBITRARY  CHOICE  TESTER  SUBROUTINE 
Assembly  Address :  ARBTRA 

Reference  Information 
Called  in  by; 

lo  End-of-sentence  end  wipe. 


Testing  Criteria 
Fulfilled  by; 

1«  Noun. 

2.  Pronoun. 

3.  Adjective. 

4*  Participle 
,5.  Verb. 

6.  Numeral. 

7.  and  others  not  accepted  by  infinity  or  other  predictions. 


Syntactic  Role  Mark 
4AARBTRM 


Notes 

1.  This  tester  can  be  fulfilled  only  if  there  are  no  previous 
"success" . 

2.  If  fulfilled,  Increase  chain  number  by  1. 

3“  Go  to  prediction  generating  control  whether  or  not  fulfilled. 


NSF-7 

September  1961 


1-155 


END-OF-SENMCE  TESTER  SDBRODTINE 

PSI  =  01 

ABS,  000010,  00,  EOSEM 

Reference  Information 

Predicted  by; 

1.  Initial. 

Called  in  by; 

1.  Right  paren  end  wipe. 

2c  Comma  end  wipe  (continue  clause  mode). 


Immediate  Action 

When  testing  is  finished,  go  to  infinity  and  then  transfer 
to  end  of  sentence  end  wipe. 


atactic  Role  Mark 


ENDAOF-dSENT. 
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END-WIPE  SENTINEL  SUBROUTINE 

ABS.,  000020  00,  ENDWPE 
Reference  Infonc-atlon 


Predicted  by; 


lo 

Initial  (2) . 

11. 

Object. 

2o 

Go.mma  (2)o 

12. 

Left  object. 

3o 

Adj  ective  (2) » 

13  o 

Indirect  object. 

4 " 

Participle  (3)o 

14. 

Agent. 

5o 

Verbo 

15. 

Noun  complement. 

6o 

Adverb . 

16. 

Pre position  oomple ment . 

1  o 

Numeral o 

17. 

Adjective-noun  subject. 

8o 

Preposition. 

18. 

Verb  subject. 

9o 

Gerund . 

19. 

Infinitive  predicate  head. 

10  o 

Modifier. 

20. 

Verb  complement. 

Called  in  by; 

lo  Comma  end  wipe  (either  if  in  end  clause  mode  or  if  have  "*)"), 


Immediate  Action 

lo  Perform  infinity  tester o 

2.  If  no  success,  wipe  everything  preceding  in  the  pool  including 
itself,  and  then  continue  with  testing o  Write  all  wiped  01  PSI 
predictions  on  hindsight  tape  with  grammatical  information. 
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COMMA  END^WIPE  SENTINEL  SUBROUTINE 
ABS,  000021  00,  CEWMA 


Reference  Information 
Predicted  by: 

1.  Initial  (in  end  clause  mode). 

2.  Glauser  (in  continue  clause  mode). 
3»  Comma  (in  end  clause  mode). 

4*  Modifier  (in  continue  clause  mode). 

Modified  by: 

1.  End- of -sentence  end  wipe. 

2.  Comma  end -wipe  activator. 

3.  Program  executive  routine. 


Testing  Criteria 

Grammatical  information  required: 

1.  GWl:  “ENDACUUSEM"  or  "CONT.CUUSE" 


Immediate  Action 

1.  Perform  infinity  tester. 

2.  If  in  end  clause  mode  or  this  item  is  a  "*)",  transfer 
to  end  wipe. 

3*  If  in  continue  clause  mode,  transfer  to  end  of  sentence. 
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END-OF-SENTENCE  END-WIPE  SENTINEL  SUBROUTINE 
ABS,  000020,00,  ESEWM 


Reference  Information 
Called  in  bys 

1.  End  of  sentence  (via  infinity) . 


Immediate  Action 


1.  Set  all  comma  end-wipe  sentinels  to  continue  clause  mode. 

2i.  (a)  If  came  from  comma  end  wipe  and  there  was  no  success, 
wipe  all  predictions  before  and  including  comma  end 
wipe.  Go  to  arbitrary  choice. 

(b)  If  came  from  end  of  sentence,  wipe  entire  pool  except  end 
of  sentence.  Go  to  arbitrary  choice. 

(c)  If  came  from  comma  end  wipe  and  there  was  a  success,  return 
to  executive  routine  control. 


j 
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RIGHT  PAREN  TESTER  SUBROUTINE 

PSI  =  01 

ABS,  000020,  00,  RPEWM 

Reference  Information 
Predicted  by; 

1.  Left  paren. 

Testing  Criteria 
Fulfilled  by: 

1.  “*)"  as  text  word. 

Immediate  Action 

1.  If  not  fulfilled,  go  to  right  paren  end  wipe. 

2.  If  fulfilled,  wipe  this  and  all  previous  predictions. 

Syntactic  Role  Mark 
A RAP ARENA 

Notes 

This  tester  together  with  right  paren  end  wipe  are  one  program 
routine.  Present  PSI  of  combined  routine  is  02. 
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RIGHT  FARM  END-WIPE  SENTINEL  SUBROUTINE 
ABS,  000020,00,  RPEWM 

Reference  Information 
Called  in  bys 
lo  Right  paren. 

Immediate  Action 

lo  Perform  infinity  tester. 

2.  Go  to  end  of  sentence  tester. 


Notes 

This  sentinel  together  with  right  paren  tester  are  one  program  routine. 


COMMA  END-WIPE  ACTIVATOR  SENTINEL  SUBROUTINE 
ABS,  000020,00,  CE'WAM 

Reference  Information 

Predicted  by§ 

lo  Initial. 

2  o  Comma . 

Immediate  Action 

Ic  Perform  infinity  tester. 

2.  If  no  success,  wipe  this  and  all  previous  predictions  in  pool. 

3.  Modify  comma  end-wipe  sentinels  to  end  clause  mode. 

4.  Activate  all  modifier  predictions  in  pool. 
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99-iCTmTOR  SENTINEL  SUBROUTINE 
ABS,  000020,00,  A99EWA 

Reference  Information 
Predicted  by: 

1.  Infinite  conjunction. 

Immediate  Action 

1.  Perform  infinity  tester. 

2.  If  no  success,  wipe  this  and  all  previous  predictions 
in  pool. 

3.  Activate  all  99  PSI  predictions  in  pool. 
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*.'asic  Phrase  with  an  UnTulfllled  Master  Prediction 

Figure  3 
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Basic  Phrase  with  a  Noun  Preceding  an  Adjective 
Figure  5 
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Prepositional  Phrase  with  Case  Ambiguity 
Figure  11 
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Clause  with  a  Short- form  Adjective  Predicate  Head 

Figure  53 
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An  Analysis  with  an  Optional  Object  Prediction 

Figure  56 
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A  Clause  with  No  Object. 
Figure  $7 


ANALYZED  TEXT 


e  0 


} 


id  < 

o£ 

Q  tn 


■o  3  QC 

q:  o 

Q  5 


O 

z  a 
<  o 
55  > 


Q  UJ 

tE  t; 
§2 
*  UJ 

2  t 

<  -I 
O)  O’ 

in  z 
=)  < 
q:  q: 


<  q: 

-j  < 
^5 


o  o 
o  o 
o  o 
o  o 
o  o 
o  o 
o  o 

•I  J 
O 

3  OJ 
O' 


o  o  o 
o  o  o 
o  o  o 
o  o  o 

lA  O  O 
<A  O 
®  r-  o 

q  J  u 
B  -0  O 
K-.  CU 
-  in 

.-VAC 


o  o  >o  in 
o  o  <.  m 
O  O  O  Ki 

c  c  o  in 
o  o  >0 
o  o  -0  m 
tn  o  -o  m 

0  i.  u  *; 
O  «  ®  3 
h-  C  O 
3  ^  m 
—  (.  (.  c 


2o 


OH  ■JHO.QOQ. 

UJtA  ZOX.3l.<iJS. 

a<i<O“)OO0;C 

X.  D 

<>0'rt.ozz>> 


-  q.  II  c  —  <\i  — 

•  ^  z  r~  r*  f"  H  r- 


z  -I 
a:  o 

UJ  (E 


U>UJUO“><J(.J“)“) 
Tinz"iOjku“)CDaj 
a3iDD“)'DO“)'0OO 
>  o  <  z  D  mo 

Qin,join_joiojj 

<  Cl. 

^ 

U.—LlU.'-'-O  - - 

Z'^zZHH*o—r'r' 


m 

o  o 

c  fn 

-  C'* 
a:  o  o  o  o 
»-oooo 

,n  Q  o  <0  o  o 

U  £  }  C  C 

-  -  —  .-n  O 

u  —  c 

Z  C.  C-  C  k  c 


c  o 
o  m 
c  a 


C 

c  - 

o  o  o  o 
o  o  o  c 
O  O  O  o 

•i  i  1  a  c 

—  -  -  JA  O 

—  -  o 

c.  c.  c  z  c 


^8 
<n  d' 


o  c  —  IN  •n  n  1 
.  >*  h  f-  r  r  r  I 


occ  oc-ocoo 

(CClllCCt 


c  c 

O 

c  t 

-  o 


(£0:1:1:00 
K  K  H  H  O  O 
I/)  m  If)  m  o  o 


intnriinmfnjnmm'n 

cococccocc 

I  I  I  I  I  I  I  I  t  I 
O  O  o  o  ' '  O  o  O  '’1  O 

cccccccccc 


-  *J  .J  I 

_J  ■)  3  Z 

O  UJ  J  7  <J  «J 

I  *-  n  c  »  n 


o  Cl  o  o  ■)  1 


D  O  O  O  i 

I  I  t  I  K 

X  1  i.  J  , 


Z  o 
z  —  ► 


<  ar  . 

■*-  1 


I  I  1 

:  1  i 


I 


■epositional  Phrase  Isolated  by  Coimnas 


9 


>  o  c  o  o  o  < 

!)  o  O  o  a  o  < 

3  O  O  O  O  O  ( 

3  O  O  O  -  O  ( 

3  O  O  O  (M  O  ( 

3  O  O  O  a  O  < 

3  O  O  O  eo  O  C 

•t  3  -  a  a  f 

3  fN  ^  t>J  a  -  c 

3  ifl  *-  O  rg  03  : 

3  a  •“  rfv  r-  g 

-  o  -  c  - 


3  0  0  0  0 

3  0  0  0  0 

3  0  0  0  0 

3  C  O  O  O 

3  0  0  0  0 

3  0  0  0  0 

3  iA  O  O  O 

L  o  t\  *•  r 

-  a)  —  O' 

3  (Tk  o  nj  a 

I  A  O  O'  o 

-  c  - 


X  X 

♦-HHOa-HO.  £LH 

uuouzuz  Xu 

“STTKOliJO  OZ 


X  X  • 

CL  0.  h-  0.  Q.  ►- 

X  X  a:  a:  u  x  x  ^ 

OCHHtu  oo«L. 


“STTKOliJO  OZ  OCHHkJ  00«»- 
ma3ajfDil.U"3UQ.U“3(DQ.UUa3(D“3tLUU'^ 
(Q  uJ  Z  >  ui  iracDliJ 

ou)t/io)>>oZctxooa:c£o:<<oicn£XiJL 

<  C  U  <  L.  Cl  ^ 

u.  —  o.  c  —  auou.uu.o-iLU.au.'Or-^ 

2«00'-<000Z0ZZZ*-"-ZZ-Z-«-'2 


I  »  I  I  I 

I  O  I  4  < 

I  4  I  I  O 

z  u  I  I  I 

I  I  I  a  I 

I  I  I  I  I 

I  >  I  i  I 

I  I  4  4  > 


I  I  4  I  I  I 

I  z  u  «  t  1 

Q.  I  c  I  a  I 

I  t  O  I  f  t 

I  I  >  I  I  ( 

I  I  tD  4  4  I 

I  i  C  t  I  I 

I  I  O  I  I  I 


U.OOOOO  00.00 

k-OOO  oo  o  oo>oo 

V3000000  o  ooe.oo 

CuCCZl  2  41  C2 

iONOO--  -  <0- 

O-O---  iC-’O  — 

400x000  O  C.  a  Z  i/1  Q 

ia<>£»<2«S2i.lcZlx«:Q323 


^U  —  l^^''^a«A•0^'•CDC0C^0•O^<NK\^U^^0^■®(^ 

rcocccccccccc^< — 

0^00(2<^00^0(^0'^0^00'00'0‘(^0‘Q* 
3000000000000  OC'OOOOOOOO 


■  I  I  I  I  >  I  >>  I  I  I  I  I  I  I  I  I  I  I  I  I 

rxxxxxxxxxvxxxxxvxvxxvx 

)  O  -3  O  3  3  O  *>  O  3  O  O  :>  O  3  O  O  3  C)  3  3  0  0 

:occoccccoccooocco<  t;c  oo 


u.  o  O  O  o 

H  o  C  O  O  O 

in  o  o  I'k  o  o  o 

C  L  0  C  2  s 

^  O  N  O  O  - - 

o  —  o  —  ^ 
4  O  O  X  o  c  o 


o  a.  o  o 
o  o  >  o  o 

O  O  L  O 

<  I  a  2 
-  -  4  O  - 

X  -  o*~ 

O  C  Z  WI  o 


>4«i;0«(.304ZQ3£a<. 


co'O-f'J'naiAor'-crO'C  —  'M'nair''Cf'®<> 
OOCC.  CCCC.CCCC--' 

COCCCOCOOCOCOOOOCCCC  CO 

I  I  I  t  I  I  t  I  I  I  I  I  >  t  I  I  I  I  I  I  I  I 

XXXXXXXXXXXXXXXXXXXXXX 
U  O  O  O  O  O  3  0  0  0  3  0  0  0  0  0  0  0  3  0  0  3 

CCC(.C<.  ccccoccccccccccr 


3  ^ 

CD  M 

rH  ‘rH 

o  ^ 


t  U  .3  >  > 

U  1  O  C>  h- 

1  u  t  (  ® 

V  1  -  w  - 

-<  4  ®  z  cn  j 

I  “3  4  *-  4  w  U  O 

1-  4  O  •  iij  O  1  ®  Ij 

lOhOlOU*- 
J  •/)  »  O  s/i  3  J  4  ^ 

(_,>4_»oo»'<a.u<o  —  ' 
0  i;''r(iQ-Q®Q  I 


V  X  <-  VI 

—  4  ®  Z  ® 

I  “><l-4UJ4i.- 
•-  4  O  •  UJ  O  I  ® 

3  O  »•  >  I  3  u  V 

Jcn/)40»3  0 
0>4jl>ONU.l 


uJ  O  Z  4 

o  I  o  nr  : 

uj  X  liJ  O 

_l  »  _  4 

Vi  J  y.  i  >  I 

O  —  i.  >  Q  4  I 


-  -  -  a?< 

O  O  O  O  'V  O  -  O  O  O  O  O  O  3  ly  <3  o  o  o 

—  a  4Z>4Z2  —  Z  —  —  —  —  4Za>2  —  4Z 


'  -  aa--c--c  -  -.-X'  -  ac-«N- 

U  «,>  t.  O  H  C-  -  O  O  -  O  O  C3  I,  ly  O  -  -  O  O  O 
~a  42>42Z  —  Z*-'  —  •-4Ztl  >Z  —  4Z 


O  f.  o  1  O  ij  >  > 

>30*-ua®j  J 

I.  *  0  • 


<.  j»na  ol/oIo  >  >-4 

1.0UJ4  >30»-u0j  ®n 

>  «  \  >  n  1  Cl  •  'I  c  3  •  J  i 


I 


U  O  UJ 
“)  <  -)  a 
J  £  X 
:3  £  D 

o  irt  > 


U  4.  t'  ’X)  0 

*  o  o  o  0 

X  -J  0  0-00 

!jJ  f-  -  o  c- 


r'  h  05  ®  o 

0  0  0  0  C 

O  O  -0  O  Q 

c  c  c  c  c, 

t«ll> 

5f  y  5r  5r  r 

O  3  J  5  5 

c  c  c  c  <; 


A  Relative  Pronoun  Used  as  a  Subject  of  a  Clause 

Figure  69 


igure 


Relative  Pronoun  Used  as  a  Noun  Gomplement 
Figure  71 


UNANALY2ED  TEXT 


•  • 


•  • 


o  f\J 

O  3 
o  — 
o 

o  tn 
O  eo 
O  r\i 
0  a 
O  ^ 


O  O  O  >£)  O 

o  a-  o  o  -o  o 

0  —  00  00 
o  o  c  o  o  o 
0  —  00  00 
o  in  o  o  o  o 
o  in  o  o  o  o 

o  a  3  3  K.  0 
0  —  »  >n  in  r'. 
-iTir^aO'- 
cs  04  o  in  •4> 

-  C  -  fX  -  - 


<  o 
■p  See 
t  o:  o 
o  J 


o 
z  c 
<  o 
J25 


X  s' 

UJ  < 

V-  tc 


O  N 

c  - 
c  c. 


I  <  < 

t  o  o 

I  I  I 


-  c 

o  a:  o  o  o 
c  t-  o  o  o  o 

O  fl.  o  c  o  o 

z  c  u  c  1 

—  Z  O  N  O  - 

—  a:  —  o  sfc 

C.  X  2  C  &  C 

Z  a  3  2  <  1 


ao  —  !Nin;rtnon- 
aiTiririTinirinw’ 

f'4'NiNOj.'i4r'4n(04<N 

COOCOCCOO 
I  I  I  I  t  (  (  (  f 

IITlJTIia 
3  O  D  O  -  ^  O  O  i 
■.  CCCCCCCO 


to  10 
in  Z 

o  < 
q:  or 


to  u 
lO  ^ 
<t  cc 


-  i. 
>  < 

-  1 


I  o  z 

'  X  c 

lO  3 

c  ; 


IJ  o  o  o  o 
z  a  >  2  <t  z 


a  c<  c.  j  —  C5 

o  —  a  a  z 

.  (i  2  L  f  ►  c 


o  *0 

i-  o 
za 


0.  0.0. 

HH  cciarf-ix 

2  2  <  h-  O  h-  2  CO 

(lJUJ£0]O<DuJuu 
O  (5  2.  or  (£  <5 

<<0<Z<t<zz 

c 

aaii.u.nio.a  «n<, 
a^zziAZin  mm 
oiM— •— 'n.  —  n.  <VfS4 


cr  »-  0. 

UJ  u  K  z 
CO  2  >-  o 

D  “)  to  *-* 

<  Z  K 
-»  o  <  z 


I  I  O  I  II 


-  ( 

O  (C  O  o  o 

O  t-  O  O  o  O 

O  fi.  3  O  o  o 

z  ft  U  C  J 

-  X  O  M  3  - 

-  a  -  c  X 

C  2  Q  GO 

>2132  4  2 


ac  —  njmarn 
7  <r  m  u  m  If  m 

M  «'l  M  -'4  iM  IN  ni  «'|  ‘'i 

oocccoo  cc 

t  I  I  I  I  I  I  hi 

ITIiaiT  IT 

•0  3  O  )  '>  3  'J  <>  o 

COOCCOC  oo 


/OOO  —  —  ININ  <N(M 

•T'C’CCCCC  cc 


C  0. 

H  Z  O 

-  c  c. 
o  r  u  o 
OH  O 
O  0.  Z  9 


-  —  N  m  o  a 

If  IT  If  C  1/ 

N  IN  IN  IN  O  IN 

o  c  c  o  <  o 

I  I  I  I  I  I 

I  I  I  2  C  I 


-  •  ui  C 
lO  T  Q  I 
*3  C  U  1 


“)  c  < 
^  ' 
■  >  o  > 


■  '  I 

O  O  I 
2  a  I 


J  1  — 

Q  1.1  f)  I 


o 


Subordinate  Clause  Not  Analyzable  by  the  Present  Program 

Figure  72 


Two  Participial  Phrases 
Fignre  74 


.  ®  o  o  o 

CO  9000 
S  Z  9  0  0  0 

2  7  C  C  C 

o  d  9  0  0  0 

-  <  9  0  0  0 

a:  9  0  0  0 

y  UJ  =  ^  C  3 

Q  {/)  9  a  9 

;}  -  r.  c 

»  lA  o 

-  c  -  c 


0  9  0  0  0 

O  o  n  o 

O  •A  O  O 
c  tA  O  ^  O 

O  m  O  lA  o 

O  lA  O  O 
O  iTV  O  ®  O 
p-  a  a  f 
r-  >j  •-  M  N 
^  9  «  m  9 
(M  ■^  r>  » 


<114  1 
C  I  I  (9  o 

I  t  i  t  I 

I  a  (L  I  t 

I  I  I  t  I 


r'®9O*-«N<^‘9iA-0 

r•^^xa(I,®axa 

OOOOOOOOOO 

coccccoocc 

I  t  I  I  I  »  >  I  I  I 
5  D  O  >0000  > 

c  c  c  c  c-  c  c  o  c  o 


3  -  < 

O  ^  ~  “ 

4  —  ^  (i  -• 


o  D  >h  *r 

*  a  J  o  •- 

-  t  to  •  Q 


0.  0.  E  0.0.0. 

C  Z  X  ui  Z  X  z 

K  00<ft.  ooo 

fflQ.ouz«a.uuo 

E  Ui  Z  O  u) 

4aEZCOEtt22 

a  Ola 

U.U.®9U.OU.4A9iri 

zzr-p(>»2»zffi®® 

-^ct*-c^c.ec 


z  z  z 

E  K-  E  (L  E  E  X 
EliioUZliJUiUi 
^aOZlLOElXE 
(DDO-O--- 
,  E<ZQ  OOO 

O  <-J002000 

£  O  o  i  Z  &  > 

U.EU.S9f\J(MC\J 

zzzr-®®®® 

•-■P--CCCCC 


0“  ©  9  C-  «“  N  K,  a  I/-,  a 
^r  raaoniaa 
OOOOOOOOOO 
OOCCOOOOOC 
t  I  I  I  I  I  t  >  I  ( 

OOOOOOOOOO 

ccccccccoo 

^-Ka-AjaA-x 

—  —  -  —  N'ANf'jOiA 


CCtCCfttCt 


o  o  o  o 

9  K  K  K 

u  u  u 
a  o  Q  o 
K  H  K  O 
C  E  E  E  O 


r-  N  If-  If-  U'  O 

rvaaaaoea 
OOOOOOOO 
OOOOCCCO 
I  I  t  I  I  I  )  I 

O  O  O  O  O  O  'JO 

cccccccc 


3-C3  S-C-C 
00-  0  00-0- 
z  —  4— zaz 


-  O  a>  «rt  z  o  : 

,  a  j  o  -  z  o  «. 

•  c  t  0  •  Q  c  »■  ; 


I 


An  Analysis  of  an  Ambiguous  Modifier 
Figure  75 


«  • 


•  • 


•  • 


o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

o  c  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

<\  <\  r  0 

O  O  r-  -0  o 

O  »  rx 

c  c  - 


o  o  o  o 
o  o  o  o 
o  o  o  o 
o  o  o  c 
o  o  o  o 
o  o  o  o 
o  o  o  o 

C  5  If  0 
3^  o  — 

CD  ®  f**  3 

r-  r«»  —  ^ 

C  C  - 


o  o  o 
o  o  o 
o  o  o 
o  o  o 
o  o  o 
o  o  o 
o  o  o 

-  ir  a 
3  r* 

^ 

•-  m  — 

-  O  .M 


o 

h-  O 

z  a 


a.a.Q.iir><La.a.  ix  a. 

ZX£Xl»XXX  blHX 
00OOZO0O4X2O 
<Loouy^ouox*-*ujo 
u  z  X  a  19 

(CKZZZOZZZOO<Z 

a  Cl 


aj  2 
■)  UJ 
CD  19 
O  < 


►-atTHctj-aK  K 
UXUUUCJ-jJUHCJ 
ujoiDZaxjaiuZkj 

ID  <ZC}2iC(0(i>a) 

oz_ioooco<o 

CCS  i 


o  o 
o  o 

O  3 
cr  ix 


3  3  3  3  3 

L  a  0.  0.  a 

3  3  3  3  3 

a  CD  K  X  cx 


1 

t 

1 

1 

1 

1 

i 

1  ( 

1  1 

1  1 
a  1 

1 

1 

1 

1 

1 

J 

1 

1 

1 

1 

z 

(  1 

1  1 

1  1 

1  1  2 

I  1 

1  1 
t  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1  1 

1  t  1 
t  »  9 

1  1  1 

1 

t 

* 

1 

1  1 

I  i 
»  1 

1  t 

(A 

1  1 
\  i 

1  1 

1  1 

1  1 

I  1 

1  1 

t  1  1  1  1  < 

1  1  1  1  i  1 

1  <  1  1  »  i 

1  1  1  1  1  i 

1 

1 

1  a 

X 

1 

1 

\  1 

1  ( 

1  a 

X  1  1 

1 

1  I 

i  1 

1  x 

1  i  I  1  t  1 

1 

U  1 

1 

1 

2 

1  1  2 

1  1 

1  1 

1  t  t 

1 

1  t 

1  1 

1  ) 

t  1  1  t  >  1 

X 

a 

li.  1 

1 

» 

J 

j.  1 

x  i 

1  t 

1  1 

t 

1  t 

1  1 

t  1 

>  i  a  1  1  > 

a 

1  i 

1 

r 

1 

a  X 

1- 

t  1 

1  1 

1  1 

1 

Z  1 

1  a 

1  ) 

1  1  tax 

a 

a  i 

1 

1 

a  1 

Z 

1  1 

i  i 

(  1 

1 

1  i 

Z 

a  1 

a  1 

1  a  1  a  1  < 

1  1 

t 

X 

1 

1  I 

a 

1  1 

1  1 

1  1 

1 

1  1 

o 

1  1 

1  t 

1  1  1  1  1  1 

a 

a  1 
\  1 

1 

I 

? 

Z 

1 

a  1  Z 

1  1  1 

Z 

o 

o 

1  a 
1  1 

1  1 

1  CQ  Z 

1  1 

a 

1 

1  z 

1  1 

a 

< 

1  1 

1  i 

1  1 

a  1  1  1  1  1 

1  1  1  1  1  1 

1  1 

1 

1 

1  1  1 

cc 

a  1  1 

1  1 

1  1 

1 

1  t 

1  1 

1  1 

1  1  1  1  1  1 

1  1 

1 

1 

1  1  1 

< 

1  1  1 

1  1 

1  1 

■ 

1  1 

o 

1  1 

(  1 

1  1  1  t  t  1 

1  1 

1 

1 

1  1  1 

t  1  1 

1  1 

1  1 

1 

1  1 

z 

1  1 

1  1 

1  t  1  1  1  1 

<  1 

1 

< 

1  1  < 

Q 

<  1  1 

1  1 

1  1 

1 

1  1 

h- 

1  1 

1  1 

1  t  1  1  1  1 

1  IT 

o 

i 

1  1  1 

a 

1  1  1 

1  c 

e  • 

1 

•  1 

o 

1  1 

1  e 

1  1  1  1  1  1 

Z  1 

1 

z 

1  1  .! 

q: 

1  i  1 

1  1 

1  1 

1 

1  1 

a 

1  1 

1  t 

1  1  1  1  1  1 

a 

a 

a  1 

1 

t 

a  <  1 

O' 

a  a  1 

1  1 

1  1 

1 

1  1 

y> 

1  1 

i  1 

1  1  a  1  1  1 

1  1 

1 

1 

a 

1  1  1 

1  1 

1 

a 

1  1 

c 

C  1 

1 

I 

C  1  1 

a 

1  • 

1  1 

< 

1  1 

a 

u  t 

C  1 

ICICI  1 

1  1 

1 

4 

1 

1  1  ) 

a 

4  1  1 

1  1 

1  1 

1 

I  1 

1- 

1  1 

1  1 

1  1  1  1  1  1 

(j 

C  1 

1 

Ifl 

19 

O  1  13 

O' 

1  ;  0 

O  1 

1  iO  CD 

o 

1  C9 

2 

i  1 

l9  1  1  1  i  1 

1  > 

1 

1 

i  1  1 

Cl 

1  1  i 

1  1 

1  1 

1 

1  1 

1  1 

1  1 

1  1  1  1  1  1 

UJ 

z  x 
<  o 
o  i , 

(X  I 

O  I 


o  o  o 
c  c  c 
o  o  •-  o 
1  c  u  u 


2  i  < 


■  o  - 

i  o  - 

o  o  o 


o  o 
o  c 
o  o  o 
C  1  2 


i  C  £  < 


9o  c-f.  ^3^^'•o^  «ffo- 
^.^  ttOCOOOOOOOOCC 

UJ<  CCCCCCCCCCCCC 
>-  (V  I  I  I  I  I  )  t  I  f  I  I  I  I 
UJ>>>>>>>>>>>> 


K> 

o  o  o 
o  o  c 
0  0  —  0 
X  c  a  ti 

-  O  -  N 

-  o  — 
c  o  a  c 


coo 
o  o  o 
I  C  Z 

^  o  - 


o  o 
o  o 
o  o  o 
C  X  2 

o  —  « 
o  a  o 
<22 


O  O 

O  o 
—  o 


58 

<A  a' 


CO  —  fv»^3'A-o»'-®ac>'- 
aooooaooooocc 
—  ^  — 

OCCCCCCCOOCCC 
I  t  I  I  (  I  I  I  I  I  t  I  I 
>>>>>>>>>>>>>• 


o  o 
o  o 
o  o 


C  O  y.  C  O 
I  I  u  I  I 
>><>>• 


o  o  o  o  o 


o  o  o  co¬ 
co  c  o  o  o 

«  «  <3  «  «  2 


©CDOO-CCCOt- 

occoooacc 

CCCCOOCOT 


cccccccccccc 


iQ 

«i  cr 


c  ^ 

I  o 
Z  K 


lu_J^•-lk.a  >  IV 

>-ac<-jxi<  •<ci 
i5C'aG--u.;  ». 


oooooooo-  coo 

—  Z<ZZ  —  2<2  <22 


I  w 
Z  H 

z  < 

j  c 
u.  O 
UJ  O  UJ  ' 


I/J  X  'M  uJ  < 

•  H  <  <  X  I 

J  ^  ■)  >  C  -J 

►.-lea  >  IV 

J  I  u.  J  i  >10  — 

<_IXX4 
n~-LZ*25tl 

o  o  i  0  ^  ^  r> 


c  c  •  >, 

I  t  Jl  J 

Z  Z  C  t-  > 

z  z  -  «  o 

j  j  c  c  z: 

uj  a  ‘N  o  * 

O  O  -  UJ  J 

li.  u.  C  ^  I 

X  X  —  2. 

a  a  9  c  X 


OCGOC 
I  I  I  I  t 
i  » 


^  » 

o  o  o  o  o 
-  z  <  z  z 


-  -  <  c 

o  o  o  - 

—  Z  <  i 


I  N  N  N  j  3 

I  <  <  <  <  o  l> 

z  z  ?  z  ■»  - 


r  r  r  r  r  *■ 

O  O  O  Q  'J 

<  <  <  <  <  z 


Z  W.— 
u,  —  1-.  C 
O  a  u  < 


O  U  c  < 


J  uJ  J 

O  ■  W  C  •  • 

>  i.  -J  *  • 


.  Z  —  .j 

—  C  IV  I 

a  u.  UJ  w 

U  L  0  I  . 

)  ^  \  1 


c  c  (.  C  I 


t  i  j  j  > 


An  Tncomplete  Analysis  of  an  Ambiguous  Modifier 

Fig-ure  76 


An  Appositive  as  a  Modifier 
Figiire  77 
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A  Series 
Figiire  79 
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A  Compoimd  Prepositional  Complement 
Figure  82 
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A  Compoxind  Subject 
Figure  8it 
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Compound  Singular  Adjectives  with  One  Plural  Master 

Figure  85 


x,ive  with  Compound  Singular  Masters 
Figure  86 
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Sentence  with  Four  Infinite  Conjunctions 
Figure  8? 
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Figure  8?  (contimied) 
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